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LETTER TO THE SECRETARY.
W .ASHINGTON, January 1, 1871.
SIR: In accordance with your instructions dated July 15, 1870, I
have the honor to present the* second annual report of progress of the
United States geological survey of the Territories, conducted under
your direction during the present season.
In the field work I have been guided by the following directions, contained in your letter of instructions :
"The area of your exploration must necessarily be discretionary to
some extent; but owing to the lateness of the season and the limited
time for field-work, it is thought advisable by this Department that the
field of your labor be confined principally to Wyoming and such portions
of contiguous territories as may be deemed desirable. You will be required. to secure as full material as possible for the illustration of yorur
fiual report, such as sketches, photographs, &c. It is desirable that
your collections in all departments should be as complete as possible,
and you will forward them to the Smithsonian Institution, to be classified
and arranged according to law. You will be expected to prepare a preliminary repm;t of your labors, which will be ready for publication by
Jan nary 1, 1871. Yon are referred to your instructions of last season for
the details of your duties in the field."
The bill making the appropriation for the survey was not signed by
the President until the 15th of July, and immediately thereafter I proceeded to Cheyenne, Wyoming Territory, in accordance with the above
instructions.
M:y party was organized as follows:
James Stevenson, managing director; Henry W. Elliott, artist; Prof.
Cyrus Thomas, agriculturist ; W m. H. J aclrson, photographer ; John H.
Beaman, meteorologist; Charles S. Turnbull, secretary; Arthur L.
Ford, mineralogist; C. P. Carrington, zoologist; Henry D. Schmidt,
naturalist; L. A. Bartlett, general assistant. Mr. S. R. Gifford, landscape artist, of New York City, accompanied the party as guest from
Cheyenne to Fort Bridger. My employes were, one wagon-master, four
teamsters, and three cooks and laborers. At Fort Fetterman I employed
an old mountaineer as guide and interpreter, through that portion of
the country supposed to be infested with hostile Indians.
* This is really a. fourth annual report of progress of the United States geological
survey of the Territories. The first and second annual reports ·will be found incorJ)Orated in the reports of the Commissioner of the General Land Office for the years
1867 and 1868. The th Tel is the report of the survey of Colorado and New Mexico,
published last winter.
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The greater part of our outfit was obtained at Cheyenne. Through the
generous kindness of the depot quartermaster at Fort Russell, Colonel 0.
A. Reynolds, we were enabled to start on our journey, fully equipped,
August 6th. The previous year our course had been south ward from
this point, along the eastern base of the mountains to Santa Fe, in
order to study the fine exposures of the rocks of different ages, as they
were lifted up by the elevation of the mountain chains. In order that
the labors of the two seasons might be connected together, it seemed best
to proceed northward along t.he eastern base of the Laramie range, by
way of Chugwater Creek, Laramie Peak, North Platte, Sweetwater, and
South Pass. The country along the immediate line of our route was
examined with as much care as possible, and frequent excursions were
made up tbe valleys of the little streams to their sources in the mountains, thus obtaining cross-sections from the central nucleus of the mountain ranges extending into the plains. In this way we explored the
North Platte and its numerous branches to the Red Buttes; thence we
struck across the divide to the valley of the Sweetwater; thence up
that stream to its source in the Wind River Mountains. The geological
structure of the Sweetwater Valley, although simple, was very interesting, and afforded ample scope for the imagination in reconstructing the
numerous phases which it has assumed in past ages. We gave a hasty
glance at the Sweetwater mines and the southern portion of the Wind
River Mountains, and passed down the Big and Little Sandy Creeks to
Green River, and thence by way of Church Buttes to ] ort Bridger.
Here we established a permanent camp for about twenty days, made
numerous side excursions up the Bear River, Muddy Creek, Black's Fork,
and Smith's Fork, thus exploring, with considerable care, the northern
slope of the Ui11ta Mountains. This range is one of wonderful beauty,
a unique creation, without a parallel in the West, so far as I have yet seen.
From Fort Bridger we proceeded southward to Henry's Fork, explored
that stream to its source in the axis of the Uintas, then descended its
valley to Green River, explored the latter stream to Brown's Hole,
and then returned up the river to the Union Pacific Hailroad. The
scenery and geology of this region are grand and instructive in the
highest degree. From Green River Station we followed the old stage
read up Bitter Creek, via Bridger's Pass, Medicine Bow Mountains,
across the Laramie Plains, through the Laramie range, by way of Cheyenne Pass, to our 10oint of departure, where we arrived about the 1st of
November. Here the party wa~ broken up, most of its members returning
to their homes. A 1oortion of the month of November was occupied in
studying the more interesting geological features along the line of the
Union Pacific Railroad from Cheyenne to Salt Lake Valley. Mr. Elliott
constructed an excellent pictorial section of the entire road, bringing
out all the surface features with remarkable clearness aud beauty. In
addition to hundreds of local sketches and sections, l\Ir. Elliott has delineated three continuous pictorial sections across the territory of Wyo1
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ming which, if properly engraved, will form a new era in the exhibition
of structural geology. The collections in geology and natural history
were very large, and many new forms, recent as well as fossil, were added
to science. Some idea of the extent of the collections may be obtained
from the catalogues which are appended to this report. I take pleasure
in acknowledging the great fidelity of all my assistants to the interests
of the survey, and their efficient aid throughout the entire trip. My
principal assistant, and associate for many years on the plains, Mr.
James Stevenson, rendered me the same faithful and indispensable services that have characterized his labors in previous expeditions. Mr.
Elliott, the artist, worked with untiring zeal, and his sketches and sections have never been surpassed for beauty or clearness in any country.
The valuable report of Prof. Thomas will furnish ample proof of his
constant :fidelity to his duties. I regard his report as of great practical interest to the country.
Mr. William H. Jackson performed his duties throughout the entire
trip with a true enthusiasm for his art, and the result is about 400 negatives that have hardly been surpassed for beauty or perfection. These
pictures throw great light on the singular geographical and geological
features of the West, and are, in my opinion, a real contribution to
science as well as to landscape photography.
Mr. Gifford, although accompan;ying the party by invitation for the
purpose of studying the grand scenery of the Rocky Mountains in an
artistic sense, rendered us most efficient aid, and by his genial nature
endeared himself to all.
To Mr. Beaman was assigned the duty of meteorologist, and his report
on tho subject, herewith appended, will show his zeal in the work. The
elevations, though only approximately true, must be regarded as of great
value, extending as they do over a country in which very few observations
had previously been made. For a large part of the season we fo1lowed the
old routes of Fremont and Stansbury, and in our examinations we found
their reports of great service. So far as the general geographical
features of the country are concerned, and the leading facts useful to
the emigrant, we found them to be remarkably accurate, and I take
pleasure in bearing my hearty testimony to the zeal and ability of these
eminent explorers. So far, however, as the geological structure of
the country is concerned, but little of a definite character can be found
in their reports.
In my report of last year I spoke of the great value of the assistance
rendered me by the military authorities of the West. I take pleasure i11
again thanking them for still more valuable kindnesses the present season. Before leaving \Vashington I called upon the honorable Secretary
of War, General Belknap, with a letter from the Secretary of the Interior, requesting such assistance from the military authorities of the
\Vest as could be afforded me without detriment to the service. The
Secretary of War at once issued orders in accordance with this request,
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which were distributed to the different military posts of the West.
These orders were indorsed by General Meigs and General Eaton at
Washington, by General Sheridan at Chicago, and by General George D.
Ruggles, in the absence of General Augur, at Omaha.
My outfit was obtained of Colonel C. A. Reynolds, depot quartermaster, stationed at Fort Russell, and most cordially do I thank him for the
friendly interest he took ~11 our welfare. The outfit we obtained here
could not have been purchased in the country, however large our appropriation; and besides the great sa·d ng to the appropriation, the real
interest that both he and his subordinates manifested in providing
everything for our comfort and success, called forth the gratitude of
the whole party. At every military post we visited we were received
with great attention, and the numerous favors, so indispensable in
the performance of our duties, were granted us everywhere. In this
connection, in addition to those already referred to, I may more especially
mention Colonel Chambers, in command of Fort Fetterman, and Lientenant O'Brien, quartermaster, Captain Gordon and Lieutenant Gregg,
of Camp Stambaugh, Lieutenant Shepard, of Fort Bridger, Colonel
Bradley, of Fort Steele, and Lieutenant Bubb, of Fort Sanders.
Although the appropriation for the exploration of the year 1870 was
very liberal compared with those of former years, I did not feel warranted in employing a topographer, and therefore was able to contribute
little of importance toward the improvement of our maps. The maps
already constructed by the Engineer Bureau of the Army are undoubtedly the best of any published in America, but in attempting to express
the geology of the mountain districts of the West upon them, they are
found to be quite inadequate. It has already been shown by the ablest
geographers in the Old World, that any topographical map that is not
constructed in accordance with well-established laws of geological structure, must be of approximate value only. It is proposed to prepare a
map of the districts explored, on a scale of two miles to the inch, not
only to express the details of the geology with suitable colors, but also
to show, for the benefit of our legislators, the amount of land that can
be redeemed by irrigation, timber land, bottom land, &c. Such a map
would be of great importance in determining the value of land grants
to railroads and other corporations, and would save to our Government
many times the cost of the entire survey.
My cxplor~tions of the country west of the Mississippi began in the
spring of 1853, prior to the organization of Kansas and Nebraska as
Territories, and I have watched the growth of this portion of the West
year by year, from the first rude cabin of the squatter to the beautiful
villages and cities which we now see scattered so thickly over that
country. We have beheld, within the past fifteen years, a rapidity of
growth and development in the Northwest which is without a parallel in
the history of the globe. Never has my faith in the grand future that
awaits the entire West been so strong as it is at the present time, and
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it is my earnest desire to dm.Tote the remainder of the working days of
my life to the development of its scientific and material interests, until
I shall see every Territory, which is now organized, a State in the Union.
Out of the portions of the continent which lie to the northward and
south ward of the great central mass, other Territories will, in the mean
time, be car-ved, until we shall embrace within our limits the entire
country from the Arctic Circle to the Isthmus of Darien.
It ""ill not be possible for me in this report to give full credit to all
for the numerous favors and courtesies which have been extended to
my party, not only during the present season, but for the many years
of the past that I have been exploring the West. Many of them were
indispensable to my success, and a great source of saving in the expenditure of my limited appropriations. I take this occasion to state that
every favor extended to myself or my party by the citizens of the country, by the military authorities, or by railroad corporations, bas been in
the past and will be in the future credited to the cause which I have
endeavored to advance. Every dollar that could besavedihave regarded
as so much power given me to place before the world in a proper light
the magnificent resources, scientific and practical, of our vast domain
in the West.
To Ron. Leland Stanford, C. P. Huntington, and Charles Crocker,
of the Central Pacific Railroad; to Ron. John D. Perry and General A. Anderson, of the Kansas Pacific Railway; and to General John Pierce and Colonel Fisher, of the Denver Pacific Railroad, I
would tender my grateful thanks for the generous manner in which
most important favors were extended to me and to my party, thereby
savi11g hundreds of dollars to the Gmrernment.
To the officers of the Union Pacific Railroad, in years past, I have been
greatly indebted for free transportation and other courtesies. From
General G. 1\-1. Dodge, of Council Bluffs, to whom the West is indebted
for its material advancement as much as to any one liYing man, I have
always received the warmest sympathy and aid. I have also to thank
Dr. T. C. Durant and Webster Snyder, former superintendent of the
road, for marked courtesies in the line of my scientific investigations.
Scientific men who are truly devoted to their calling cannot be speculators or ardently given to pecuniary gains. Citizens of the country
and great corporations must ever be largely tbe recipients of the material benefits of these labors. Generosity on the part of such corporations toward men who ai·e devoted to the advancement of knowledge or
the good of the world, may be regarded as the index of their tone and
character. I am glad to say that, with comparatively few exceptions,
I ha-ve received from the railroad men of the West every mark of appreciation I could desire. In former reports I have frequently mentioned the cordial sympathy of the citizens of the Territories in my
labors. I am obliged to speak the truth as I read it in the great book
of nature, whether it is in accordance 'Yith the preconceiyed notions of
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the inha uitants of a district or not, and I cannot depart from thi~ iuexOl'able law for fear or favor. It is my earnest wish at all times to report
that which will be most pleasing to the people of the \Vest, providing
there is any foundation for it in nature. When I cannot do so, I shall
wait for time to place me right in their estimation.
To Dr. G. L. Miller, editor of the Omaha Herald, and Captain William
\Vilcox and \Villiam Stephens, of the firm of Stephens & Wilcox, Omaha,
Colonel I. \V. French, of Cheyenne, and Miers Fisher, of Denver, Colorado, my entire party have been indebted, from time to time, for material
favors of great value. My thanks are also due to Hon. S. F. Nuckolls, of
Cheyenne, Dr. Hiram Latham, of Laramie City, J. \V. Watson, of
Georgetown, D. C. Collier, of Central City, and J. 1\1. Marshall, of
Black Hawk, Colorado. The gentlemen connected with the press of
the whole West, with very few exceptions, have always given me the
most hearty sympathy and assistance in all my labors, and to them I
extend my cordial thanks.
I have thought it best to make these preliminary reports the vehicle
of much detailed matter which 1 believe to be useful, upon which I shall
hereafter base many generalizations, but which cannot be repeated in a
more elaborate final report. The object of these reports seems to me
to be to bring before the people at as early a date as possible immediate
practical reRnlts. I have also endeavored to render them as free from
technical language as possible consistent with scientific accuracy. By the
hundreds of thoughtful minds all over our country the essays of Leidy,
Cope, Lesquereux, Rodge, and New berry will be read with deep interest.
If this report is not as complete as could be desired, I would respectfully direct your attention to the fact that the entire exploration has
ueen made and the report submitted to yon in a little less than six
months from the date of the passage of the uill authorizing it. It is my
hope to be able to continue these reports from year to year, and to make
them more complete and :n1ore useful to science and to the country.
Very respectfully, your obedient servant,
F. V. HAYDEN,
United States Geologist.
Hon. COLUMBUS DELANO,
Secretary of tlte Interior.

PART I.

REPORT OF F. V. HAYDEN.
CHAPTER-

I. FROM CHEYENNE TO FORT FETTERMAN.
II . .FRO.M FORT FETTER:JIAN TO SOUTH PASS.

III. FRO.l\1 SOUTH PASS TO FORT BRIDGER.
IV. FORT BRIDGER AND THE UINTA MOUNTAINS.
V. FROM FORT BRIDGER TO UINTA MOUNTAINS, HENRY'S FORK, GREEK
RIVER, AND BROWN'S HOLE TO GREEN RIVER STATION ON THE
UNION PACIFIC HAILROAD.
VI. FROM GREEN RIVER STATION, VIA BRIDGER'S PASS, TO CHEYENNE,
WY0:\1ING TERRITORY.

GEOLOGICAL SURVEY OF THE TERRITORIES.
CHAPTEH I.
FROM CHEYENNE TO FORT FETTERMAN.

During the summer of 1869 my explorations were directed southward
from Fort D. A. Russell, near Cheyenne, Wyoming Territory, along the
eastern base of the Rocky Mountains, through Colorado into New Mexico, as far as the Placier Mountains. In order that I might trace the
different geological formations northward in their geographical extension and connect the results of the two seasons' examinations, I thought
it best to commence the labors of the present year at the s~tme point and
proceed northward, by way of Laramie Peak and South Pass.
Fort D. A. Russell is located on the north bank of Crow Creek, a small
tributary of the South Platte. The rocks which underlie the country in
every direction are evidently of modern date, and belong to the upper
tertiary. They are cut through by the little streams, and we find exposed a moderately thick deposit of gravel and ooulders resting upon an
irregular surface of the indurated marls, sands, and clays of the lake
sediments. This is the case in the valley of Crow Creek near the fort,
where the vertical bluffs are formed of aluminous marl, with a greater
or less admixture of sand. There are also layers of fine indurated sandstone, with small cavities filled with clay and irregular seams of whitish
silicious material scattered through all the beds. Near the base of the
mountains are small fragments of feldspar. Resting upon what appear to be true tertiary strata are beds of greater or less thickness,
composed of sand, gravel, and water-worn boulders, passing up into two
to four feet of unstratified marl, with a foot or so of soil. Our course
from Cheyenne was directly north along the military wagon-road to Fort
Laramie, and our first camp was on Lodge Pole Creek. The surface of
the country is beautifully undulating, consisting of rounded hills, ridges,
and valleys; but not a tree or bush is to be seen. The same for.mations
occur on Lodge Pole Crook that are noted above on Crow Creek. The
strata are the same on all the branches from the foot of the mountains to
the North Platte. Horse Creek and its branches are nearly destitute of trees of any kind, and the water is so low that it can hardly
be called a running stream; still the soil is good, the bottoms quite
broad, and grass fine. For pastoral purposes this valley is very desirable. In order that we may study the geological structure of the
country with success we must travel along the base of the mountains,
where the different strata are exposed by the elevation of the mountain
ranges. To explore the more mountainous portions, we must travel on
horseback, aud make the road in the plains, which our wagons must
adhere to, our base of operations. We can thus make side trips with
pack animals to any portion of the country, however rugged the surface,
if it presents any objects of interest.
August 7.-This morning the train proceeded across the plains northward to the Chugwater, a distance of about thirty-five miles. With
Mr. Gifford and four or five assistants I followed the -valley of Lodge
Pole Creek to the foot of the mountains, about sixteen miles distant.
The surface of the country was undulating and co-vered with a fair growth
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of grass; here and there in the valle~r of the creek: or some side ravine,
the rocks are exposed, revealing their age to be upper tertiary. Cream-colored marls and sometimes deep, ferruginous sands are seen, bnt the prevailing color of the rock material is light drab-yellow. The valley of the
Lodge Pole Creek will average about six miles in width from bluff to
bluff. Tlw surface of tbe highlands is· covered. to a greater or less extent with gravel and stray boulders of moderate size, varying from that
of a pin's head to a foot in diameter. Masses of carboniferous limestone are very abundant, showing that these beds were very accessible
to the waters during the later drift period. Some of these limestone
masses are quite full of fossils, as crinoidal stems, Athyris subtilitct,
Orthis, and Chonetes. A careful examination of the stray boulders scattered upon the plains will enable one to determine with a, great degree
of certainty what formations are revealed along the flanks of the mountains. I take the position that these superficial deposits are the result of
forces acting from the mountains toward the plains, and that in sweeping down from the flanks across the upturned edges of the beds of
different geological periods, as there exposed, they carry portions of each
formation with them, and strew them over the plains. Wherever a formation is well developed and exposed, there the more fragments of it will
predominate. \Vhen the red sandstones are largely exposed, then the
drift will be filled with fragments of red sandstone, and the same is invariably the case with the carboniferous strata.
The Laramie lVIouutains, or Black Hills, as they are usually called,
form one of the shore lines of a great fresh- water lake, which covered
an enormous area on the eastern slope of the Rocky Mountains during
the middle and upper tertiary epoch. \Vhen the waters were drained
away from this lake basin, a vast thickness of clays, marls, sands, and
sandstones was left high on the sid.cs of the mountains, sometimes
reaching nearly to the crest or divi<le. In many localities the beds bave
not been subjected to as much denudation as in others, and in that case
they jut up against the mountain sides so as to conceal all the older unchanged strata, and not unfrequently conceali11g the metamorphic rocks
over large areas.
Along the immediate line of the Union Pacific Railroad, the tertiar~~
beds form a sort of bench, which rises gradually from Cheyenne nearly
to Granite Station. The tertiary beds m·e stripped off only to a moderate
extent, revealing a bed or two of carboniferous limestone. A vertical
~5ectiou would show the upper tertiary deposits resting directly, though
unconformably, on the carboniferous limestones, and the latter lying
on the granites. But on either side, north or south, not only the carboniferous rocks are exposed, but the red beds and, perhaps, the triassic
or cretaceous. All along the flanks of the mountains, from Granite Oailon
Stationnorth,vard to the northern boundary of this lake basin, we know
that formations of the age of carboniferous, triassic, Jurassic, cretaceous,
and perhaps lignite tertiary, exist, whether exposed by the denudation of
the \Vhite River tertiary beds or not. It is proper, therefore, to color all
these formations on a geological map by bands or zones along the sides
of mountaiu ranges. Though if a map were constructed on a large scale
and the geology colored in detail upon it, these bands would be somewhat interrupted here and there by the concealment of one or more of
the formations, by modern tertiary, or drift deposits. The valleys of
the little streams, as they extend down into the plains from the mountains, are usually quite rugged at :first, but become less so until the sides
are rounded and grass-covered. But along tbe irnmediat.e base of the
mountains there is often a valley at right angles to the ralleys of the
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streams and parallel with the mountain ranges, and evidently scooped
out by forces acting from them. From the head of Crow Creek to the
Chugwater, there is a well-marked illustration of this type of valley.
It averages from five tG ten miles in width, and the surface is gently
rolling, and usually covered with grass. The little streams as they pass
across it do not cut deep channels. The eastern side is a lligh, abrupt,
irregular wall of White River tertiary beds, oftentimes so eroded as
to present in some degree the architectural appearance of the "bad lands.;'
Through this wall the little streams have cut their channels, and flow
down through the plains in valleys with more or less bluff-like bills on
either side, from one hundred and fifty to two hundred feet in height.
Where these parallel vall<~ys occur at the foot of the mountains, the
changed as well as unchanged rocks have suffered great erosion. Here
and there they are omitted for some reason, and again appear in their
full proportions. Immediately north of HorRe Creek there is a remnant
of the main "hog-back," or ridge remaining, composed of the triassic and
carboniferous beds, exten<ling for about fi'Te miles, which is divided into
three parts by the channels of streams flowing through it at right angles
from the mountains. Its trend is nearly north and south, and its dip
east; and immediately west the granites and gneiss rise gradually
toward the crest of the range. This fragment of the main ridge shows
that but for erosion it would have been continuous all along the flanks
of the mountains.
An interesting question arises as to the manner iu which these parallel
valleys have been scooped out. That it must have occurred after the
deposition of the latest tertiary beds is evident, from the fact that the
streams which form the outlets have cut their way through them. As
I have before stated, the mountains formed the western shore of the
great fresh-water lakes of the middle and upper tertiary periods. As
the mountains were slowly elevated, so that the waters receded, there
was a depression at the immediate base of the mountains, of greater or
less depth, that received the drainage. The water-course would be
gradually formed for the principal streams and their branches. The
waters in the parallel valleys formed a sort of lake-like expansion of
the little streams, and the waters of the lake performed their work of
erosion at the same time that the streams wore their channels through
the plains. It is probable that since the close of the tertiary period,
and the commencement of the present era, the climate of the west haR
been much colder; that ice and snow accumulated on the mountain
ranges in vast quantities; and tlmt the quantity of water to produce
the results which we fin<l indicated b;y erosion and in the drift was far
greater than at present. It may be that ice was not the most important
agency, and though the evidence is clear that it performed an actiye
part, yet water was the principal agent, and tlw present existence of an
occasional moderate-sized boul<ler in the plains, too large to be transported by water alone, indicates t,l lat an iceberg was; now and then
drifted out on the waters to the plains. The grooves, scratches, and
smooth sides of the mountain valleys in Colorado and other portions of
the Uocky ]\fountains poiut to the same conclusion.
l!...,rom llorse Creek we proceeded north ward to tile Chugwater, nine
miles distant. The road is a perfectly smooth one for wagous. On our
right are continuous walls of vVhite River tertiary, pierced Lere and there
by some little branch. On the left t.lle granite rocks are seen in long,
irregular ranges, rising very gradually nearly to the summit. The uDchauge<lbeds seem to have been worn away to the level of the valley and
the edges covered with a deposit of drift. Here and there, however, they
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are exposed from beneath the White River beds and the cretaceous
strata, with the usual ferruginous concretionary masses, which have
fallen in pieces; and from these latter have fallen ont very good specimens of Baculites ovatus and Inocm·amns.
Near the sources of the Chugwater are some very rich iron mines,
which may prove of great value to the country in the future. The fact
of their existence has been known for some years, but no definite
knowledge of them has been given to the world. In Stansbury's Report,
page 266, there is the following paragraph: "In the bed of the Chugwater, and on the sides of the adjacent hills, were found immense numbers of rounded black nodules of magnetic iron ore, which seemed of
unusual richness.'' In the winter of 1859-'60, while attached to the
exploring expedition of General W. F. Raynolds, I made a trip to the
sources of the Chugwater, and found great numbers of these worn masses
of iron ore; but not until a comparatively recent period were they
traced to their souree in the mountains. During the construction of
the Union Pacific Railroad some of the engineers visited the mines
and spoke of their future value. In the summer of 1868 I bad an opportunity of examining this region in company with Dr. Latham and
J'udge Whitehead, of Wyoming, and found the mines much richer and
more extensive than had previously been supposed. We commenced our
examinations in the valleys of the smaller branches of the "Chug" as
they emerge from the mountains, and found that the stray masses of
iron ore were confined to one of them. Following the branch up into
the range we soon came to the ore beds themselves, which we found to
be intcrstratified among the red feldspathic granites which compose
the nucleus of the range. The ore beds incline in the same direction
with the granites, and haye the same joints and cleavage, and the examples of slicken-sides are numerous. They are not continuous, and
are confined to a restricted area, yet Mr. Whitehead traced one of the
beds a distance of over one and a half miles. The ore is located much
like that in the Lake Superior region, and is probably of the age of
the Laurentian rocks of Canada. The quantity of ore in this locality
appears to be unlimited. Thousands of tons have been washed down
into the valley of the ''Chug" and distributed among the superficial
drift. As we leave the ore beds themselves these stray masses are
larger and more angular, and as we pass down the "Chug" they dwindle
to minute pebbles and disappear. l\fr. J. P. Carson, of New York, an
assistant in the survey of 1868, made the following analysis of this
ore, at the school of mines, Columbia College:
Sesquioxide of iron. __ ............. _..................... __ . 45.03
Protoxide ................... -- ............. - ........ _..... 17.96
Silica ... _... _-.. . ....................... _... _............
0.76
Titanic acid ............. - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23.49
Alumina ............... . ............. _....................
3.98
Sesquioxide of chromium ...... _. . . . . . . . . . . . . . . . . . . . . . . . . . . .
2.45
Sesquioxide of manganese ................... _........ _.. _. . .
1.53
Lime. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1.11
Oxide of zinc ..... _... _.... -...............................
0.47
Magnesia .......................... - . . . . . . . . . . . . . . . . . . . . . . .
1.56
Sulphur ................... _........... _. . . . . . . . . . . . . . . . . . .
1.44
Phosphorus ...... . .. ~ _... . .. - . - .. - - ........... . ............ a trace
Fe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45.49

99.78
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It will be seen by this analysis that the ore is very rich in metallic
iron, but it is supposed that it will be reduced with some difficulty,
Professor Silliman is of the opinion that the brown ore or limonite can
be employed with it, as a flux, with favorable results. Should the time
ever arrive when this ore is absolutly demanded by the country it will
be easily accessible from numerous points.
It is probable, however, that the branch railroad from Cheyenne to
J\iontana will create a demand for these mines, and then the ore can be
taken down the valley of the Chugwater with ease. The Chugwater
Creek Las its origin high up in the crest or divide of the range, and flows
for several miles along a rift or valley of upheaval. It then cuts through
a high ridge of sandstone of lower cretaceous age, and then wears its
channel through horizontal strata of White River tertiary to its junction with the North Platte.
From Cache ala Poudre to the Chugwater, the Laramie Mountains preserve a remarkable degree of regularity. The line of fracture seems to
have been pretty nearly north and south. The singular parallel valley,
previously described, ends with the "Chug," and on the north side, extending for four or five miles, are lofty ridges of carboniferous and triassic
rocks, trending nearly northeast and southwest, and dipping at a high
angle to the southward. From the "Chug" nearly to theLaramie River,
these ridges are enormousl~T developed, having almost entirely escaped
erosion, and the entire series of sedimentary beds to the summit of the
cretaceous can be studied with ease. The most conspicuous feature
which we notice in descending the valley is the high wall of lower cretaceous sandstone, which stretches away toward the northeast like a
huge wall, and the jointage is so regular that it presents the appearance of a massive mas0n-work gradbally falling to decay. These lower
cretaceous rocks, or No. 1, are composed of two beds of sandstone, inclosing thin layers of clay and sand, with seams of vegetable matter or
impure coal. Just outside of this wall is a remnant of yellow, chalky,
calcareous shale, of No.3 cretaceous, which escaped erosion when the
valley between it and the tertiary wall was scooped out. After the
Chugwater emerges from this ridge the valley becomes purely one of
erosion, passing through walls of whitish S:;tndstone and marly clays,
the layers of sandstone projecting from the sides of the bluffs like shelves.
From this point to the entrance into the Laramie River, the" Chug "flows
. through the same tertiary beds, and they vary here and there in their
lithological composition. Near the crossing of the '" Chug," where troops
are stationed, a bill of brown sandstone appears on the summit of the
bluff's, which has protected the underlying softer marls and sands.
The sides of these sandstone walls are forty to sixty feet perpendicular,
sometimes overhanging, and large masses have broken off and fallen
to the b!!Se. The most striking feature, however, is the tendency to
weather into the most picturesque castellated forms. One isolated hill·
is circula:·, and the perfectly flat summit suggested for it the name of
''The Round 'rable."
Another isolated portion of yellow marl, still lower down, stands out
so conspicuously to the view of the traveler that it has received the
name of ''The Pulpit." The marly layers indicate rather quiet waters
for their deposition, but the sandstones show currents of greater or less
Yelocity; sometimes they are quite fine and easily decomposed, so that the
surface of the plains in the vicinity i~ Yery sandy; then they are quite
coarse, forming a conglomerate, or pudding stone, mostly of small waterworn pebbles, with now and then a mass six inches in diameter. They
also lie irregularly on the arenaceous marls below, as if the surface had
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been much denuded prior to the deposition of the sandstone. 1 think,
however, there has been no want of continuity in the beds, and that the
irregularity is caused by the chauge from quiet to turbulent waters.
Sometimes there is a sudden jog, so tha.t the sandstone prQjects down
two to four feet, into the underlying bed of marl, or it will thin out
into indurated marl, to a great extent. For about ten miles these rocks
are worn by atmospheric influences into the singular formation described, and then the cap of sandstone disappears, and the surface is
more rounded and coYered with grass. The texture of the rocks determines everywhere the surface outlines of the country. In the walls
of sandstone and marl are deep vertical fissures, much like those in the
metamorphic rocks. Sometimes they pass up through the sandstone
cap, and at others are checked by it. They are often filled with partially crystallized material, or charged with fine arenaceous sediment
from above. The direction of these fissures, or shrinkage-cracks, is
northwest and southeast. The plains everywhere present the appearance of remarkable table-lands, as if the surface had originally been
planed off with great regularity, and the valleys haYe been gradually worn out by water. The mountains immediately north of the
"Chug" present a fine illustration of the style of flexure ·which is not uncommon throughout the Rocky l\fountain district. The ridges of unchanged formations seem to have suffered scarcely any erosion for a
distance of ten or fifteen miles north of the "Chug," and die out in the
plains, with a trend northeast and southwest. This causes a jog of about
ten miles to the eastward. The pivotal point seems to be Laramie Peak.
Long lines of ridges may be seen running out fi·om the main .axis, nearly
to the head of Bitter Cottonwood;. and the trend of the axis extends
northwest. These flexures in most cases afford the best opportunities
for studying the unchanged rocks of different ages, in their order of sequence, from the granites to the most recent tertiary.
In ail my examinations, however, I have not detected the lignite tertiary along the base of the mountains north of Cheyenne, until it makes
its appearance from beneath the White River beds, about three miles
south of Fort Fetterman.
The Chugwater has a valley about one hundred miles long. It has
been for many years a favorite locality for wintering stock, not only on
account of the excellence of the grass and water, but also from the fact
that the climate is mild throughout the winter. Cattle and horses thrive
well all winter without ha:v or shelter.
The high walls or bluffs which inclose the rather broad valley protect
it from the strong cold winds. The soil is everywhere fertile, and, where
the surface can be irrigated, good crops of all kinds of cereals and
hardy vegetables can be raised without difficulty. From the Chugwater
we cross the table-like plains for ten miles, and descend to the beautiful
valley of the La,ramie. From the plains the Laramie range comes out
in full view, with the Laramie Peak near the center, toweting far above
all the other ranges. The main range, with the numerous minor ranges,
trend about north\Test and southeast. The tertiary rocks on the Laramie, near the crossing, have weathered into quite remarkable architectural forms, much like those on "\Vhite River. The texture is similar,
also, with marls and calcareous concretions pa.ssiug up into :fine sandstones, which decompose so readily, that the valleys and the hills are
covered with loose sand. In the harder layers of sandstone are singular
whitish, concretion-like sticks and twigs. .....<\. few fossil remains were
found-as the teeth of Oreodon culbertsonii and Testudo nebrascensis.
Other bones were collected, which have not been determinetl. There are
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al;;;o masses of sandstone which appear like mud-rock, and layers like
impure white limestol\e, probably composed largely of sulphate of limt>
and magnesia. From our camp on the J.. aramie we enjoyed one of the
beautiful sunsets which arc not uncommon in this western country.
But tliis was a rare occasion, for the sun passed down directly behind
the summit of Laramie Peak. The whole range was gilded with a
golden light, and the haziness of the atmosphere gave to the whole
scene a deeper beauty. Such a scene as this could occur but once in a
lifetime. From Laramie River to the Bitter Cottonwood our road
extends over broad, grassy plains, entirely underlaid by the recent tertiary beds. Upon our left the mountains are in full view, and the grassy
plains seem to extend to the granite foot-hills. As the Bitter Cottonwood
Creek seemed to be the nearest point to the Laramie Peak, we camped
here two days to make an examination of that region. On the morning •
of .August 12th I started for Laramie Peak with :Messrs. Gifford, Jackson, Elliot, Turnbull, and Ford; passed up the valley of the Cottonwood
to the foot-hills of the mountains. Mr. Jackson made a large number
of excellent photographic views, which will prove of interest not only
to sCience but also to all lovers of "the picturesque in nature." The
scenery in this region is very attractive as well as instructive. Tile
valley of the Bitter Cottonwood, as well as the numerous little ravines
that flow into it, are inclosed by rather high bluff-like banks, which
show no rocks older than the White River tertiary, until we reach the
base of the mountains. Still there is a great thickness of what we have
called "local drift," which increases to the base of the mountains,
and to a great extent conceals all other rocks. This superficial drift
becomes coarser and the stray rocks less worn the higher we ascend.
The difference in elevation between our camp on the Cottonwood, and
the base of Laramie Peak-a distance of twenty-five miles-is about
one thousand eight hundred feet. I have previously noticed the enormous development of the sedimentary ridges north of the Chugwater,
and the flexure of the mountains around to the north and northwest;
also, the dying out of the ridges in the plains one after the other in the
usual en echelon manner. Between Laramie Calion and Horseshoe Creek
these ridges are not seen at all, rising above the surrounding country,
and they are exposed only in one locality, to a limited extent, by one of
the branches of the Cottonwood, cutting a deep valley through the
superficial drift and tertiary beds, just at the base of the mountains.
The red beds and carboniferous limestones only, are seen on each side of
the road which leads from Fort Laramie to Laramie Peak. Here are two
small rounded hills capped with carboniferous limestones. Still, for the
most part, the drift and tertiary beds jut up against the granite foot-hills,
and the long, table-like benches extend down for miles with a gradual
but rather rapid descent, giving a far-extended but beautiful and pic. turesque appearance to the scene.
Between the Chugwater and the Laramie River the ~urface seems to .
have escaped erosion to a great extent, while between Laramie Ri\rer
and the Bitter Cottonwood Creek the erosion has been tremendous.
All the ridges, which must have been from five hundred to one thousand
teet in height, have been smoothed down and concealed, and the gneiss
and granites which form the foot-hills or lower ranges ha\e been worn
away. so that they project but little above the surface. We have therefore a belt of c'Cmntry underlaid by metamorphic rocks, five to ten
miles in width, covered wit.h most excellent grass, as level as the plains,
·and very desirable for settlement; which, but for erosion, ·would have
been as rugged as any portion of the mountainous district. As we
2G
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approach the mountains, we pass over many berls of quartz, black gneiss,
seams of fel<lspar, with now and then a bed of massive feldspathic
granite. These rocks are nearly vertical in position, and in most cases
prqject abo-ve the superficial drift so as to be barely -visible, with a
strike nearly north and south. The intercalated beds of massive unstratified feldspathic granites are thin at first, while the gneissic beds
are the most prominent; but as we approach the base of the mountains
the red feldspathic granites rise in thick picturesque ridges, fifty to one
hundred feet high, like ruined walls, lending a peculiar as well as picturesque appearance to the landscape. These granites afford most excellent rock studies of their kind. The tendency to weather into rounded
forms by exfoliation and the jointing are shown very finely. The
principal lines of fracture are most continuous, and have a strike east
and west, and southeast and north west, wbile the other set trend nearly
north and south, or northeast and south west. The tendency to exfoliation by the stripping off of thin concentric layers has enlarged the
openings sometimes se-veral feet. The granites are thus di-vided into
rather regular rhomboidal masses, many of which have fallen down at
the foot of the ridges, and by exfoliation ha-ve been so rounded that they
appear like immense transported boulders. The texture of the rock is
really an aggregate of large crystals of reddish feldspar, with ·quartz
and mica; the feldspar so predominating that it gives the character to
the rock. The mica usually occurs in small masses and in limited quantities. The gneissic rocks are divided by the jointing into more regular
cuboidal blocks, and have suffered comparatively little from exfoliation.
The gneissic strata diminish while the massive granites increase as we
approach the main range, which is composed almost entirely of the
latter. The examples of anticlinals and synclinals in the metamorphic
rocks are nowhere better shown than around Laramie Peak. It would
require a detailed geographical as well as geological survey, with maps
and sections constructed on a large scale, to show the -various axes of
uphea-val.
The valley of the Cottonwood Creek, which extends along the east
base of Laramie Peak and rises about five miles south of it in the main
crest, is a beautiful synclinal. A series of short parallel ridges rise to
the very summit of Laramie Peak, on the east side, inclining ea,stward,
while on the opposite side is a similar series of ridges, although much
lower, dipping to the westward. These anticlinal and synclinal openings give passage to the little streams and ravines or form the open
grassy plains which are so pleasant to the Indian. Sometimes these
valleys expand out into beautiful o-val, park-like areas, which at the present time are the favorite resorts of the wild game, and, if the country
were ever settled, would attract a pastoral people. Emigrants from the
mountainous districts of the Old vVorld would find here a scenery not unlike that of their own country, with pure air and water and a mild and
extremely healthy climate. Cereals and roots of all kinds could be raised
sufficient to supply the wants of such people, while the raising of stock
wonld be a source of wealth both to them and to the country. It is
somewhat strange that the Laramie range should give origin to no important stream. Both the Platte and the Laramie Rivers flow directly
through it. While the springs or little streams are not uncommon, this
range cannot be regarded as well watered, and in the autumn the water
supply is somewhat limited. This may be accounted for fi.·om the fact
that the snows of winter are very light and the amount of rain falling
during the year quite moderate. Laramie Peak, which is the highest
point north of Long's Peak, is not more than ten thousand feet high,
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antl usually retains no snow on its summit after 1tiay. One fact is quite
clearly shown, along the immediate base of the mountains from the
Chugwater to the Bitter Cottonwood, that when a flexure in a mountain
range occurs, a portion of the foot-hills and ridges have suffered \ery
little erosion, and can be studied in their full development. For a distance of fifteen miles north of the Chugwater the local erosion from the
mountains was very limited, while from Laramie River to the Bitter Cottonwood, about fifteen to twenty miles, the erosion has been tremendous.
This difference can be accounted for, perhaps, from the fact that the
passage of the waters from the mountains was through the anticlinal
and synclinal valleys which extend nearly north, and swept over the
plains between the Cottonwood and the Laramie Rivers. Long parallel
benches, with remarkably regular, table-like surfaces, extend down from
the base of the mountains between the valleys of the streams. Their uniformity over such large areas is a striking feature in the landscape.
North of the Cottonwood these long benches have a singularly regular
series of side furrows, which extend for miles, and give to the surface
the appearance of the sea swept by a gentle breeze. We have not before
observed this feature, so well marked, although the parallel benches are
not uncommon.
On the morning of the 14th we left Cottonwood Creek for the La
Bonte. The wagon-road, although several miles from the Platte River,
is still ten to fifteen miles distant from the foot of the mountains. The
White River tertiary beds prevail, for the most part, and here and there
are high hills, or "buttes," of mar'ls and sandstones, weathering into the
castellated forms, before described, but to a limited extent. Still, these
beds continue to possess a thickness sufficient to conceal the underlying
older formations. Between the Cottonwood and Horseshoe Creeks these
deposits are overlaid by a heavy thickness of local drift, and jut up
against the granites until we come to the immediate valley of the
Horseshoe, where it emerges from the foot-hills. Here is a singular valley of erosion on the south side. A small branch flows into the Horseshoe, uncovering the ridges of carboniferous limestones and red beds,
over an area of about a mile in length and half a mile in width; still,
on the opposite or north side of the Horseshoe, the drift juts full against
the granite sides. This example shows clearly, that even where they
cannot be seen at the present time these sedimentary ridges exist in
greater or less force all along the mountain flanks. There is no water
in this little branch for a great portion of the year, yet all the superficial
drift or White River sediments have been washed out, leaving the skeleton-like ridges of the older rocks. In one place the limestones rest
directly on the granites. The dip of the ridges is about 60°, and they are
two hundred to two hundred and fifty feet in height above the bed of
Horseshoe Creek. That the Jurassic and cretaceous beds exist all along
here we cannot doubt, but they are entirely concealed. The valley of
the Horseshoe is about three miles wide from bluff to bluff:: The creamcolored marls lie close up to the granite rocks. We have usually observed
that the sediments of the later tertiary strata were coarser the nearer
we approach the base of the mountains; but this does not seem to be
the rule. In some localities the finest marls and sands rest directly
upon the metamorphic rocks or fill up the inequalities in the surface far
up among the foot-hills nearly to the crest. This range of mountains,
however, seems to have formed a well-defined shore line for the lake, for
we can find no evidence that the waters passed the divide in the Laramie
Plains, although they washed the flanks far up toward the summit.
From the north side of the Horseshoe Creek we have the most im-
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posing view of Laramie Peak, with the intervening mountain ridges.
Thev show a trend about southeast and northwest. Between Horseshoe
and"La Bonte the black gneiss beds must be two thousand to three
thousand feet in thickness, extending in long lines across the country
nearly north and south, just projecting above the surface, nearly vertical.
For ten miles or more the White River tertiary beds conceal the mountain flanks; but from five to fifteen miles northeast of the range, toward
the Platte River, the older beds are uncovered over very restricted areas.
At the head of a little branch of La Bonte two ridges of reddish sandstone and limestone rise up from beneath the tertiary beds, inclining 100
to 15° east of north. The little dry branch has cut through the rift
between the ridges caused by the uplift, showing one of them to be composed mostly of bright brick-red sandstone, with a layer of light gray
sandstone tinged with red, (triassic;) while the other ridge is made up
of carboniferous limestones and sandstones. In the limestones are
seams of chalcedony, from which most of the varieties of flint scattered
through the drift are doubtless derived. Sometimes these isolated hills
are elevated in such a way that the two sides incline in opposite directions, forming a fissure at the summit, through which the waters find
their way, thus wea,ring out a gorge or canon. In the interval between
Horseshoe and La Bonte Creeks, and west of the Platte River, the older
sedimentary rocks, as carboniferous, triassic, Jurassic, and cretaceous,
are U\l.Covered in spots by denudation, always inclining from the mountains at a high angle. The pine forests in the mountains at the sources
of the Horseshoe and the La Bonte are more dense, and the timber
larger, than in any other portion of the range that we have seen. Great
abundance of ties for railroad purposes could be procured. Our camp
in the valley of the La Bonte was a pleasant one ; a fine, luxuriant
growth of grass covered the immediate bottoms of the creek, and our
animals found excellent grazing on the uplands also. The creek is bordered with bitter and sweet cottonwood, box elder, and large tree willows to a considerable extent. The soil is certainly fertile enough, and
where it can be irrigated, will produce fine crops of all kinds. This
will prove one of the best valleys along the North Platte, both for agricultural and pastoral purposes.
On the morning of the 16th we left La Bonte Creek for Fort Fetterman, which is located near the junction of La Prele with the North
Platte. The atmosphere was very smoky, limiting our range of vision
considerably, so that we could not see the mountains distinctly. Just
north of the La Bonte are a series of anticlinals and synclinals, which
are somewhat different from any before observed. The road passes
along a synclinal valley, with the red sandstones (triassic) inclining
southwest on our left, and the Jurassic, with an outcropping of the
red beds at the base, about a mile distant, on our right, dipping northeast. The beds on our left dip about 30°, while those on the right not
more than 100 or 15o.
The end of one ridge inclining southwest apparently juts up against
another inclining northeast. These irregularities are local, and are due,
perhaps, to the variableness of the internal forces that produced the elevations and the different degrees of strength of the earth's crust.
There is an immense ridge, or "hog-back," extending from the La
Bonte to the Red Buttes, which forms an illustration of these apparent
irregularities in the exhibition of the interior forces, on a large scale. We
can express them no better than to call them " puffs," or local risings of
the earth's surface, whicll cause a fracture along the central axis in
rather r0gumr lines, and this fracture gives access to atmospheric influ-
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ences which gradually wear out an anticlinal valley. These anticliuals
vary from a few hundred yards to many miles in length, involving a few
beds or all of them down to the granite. We regard each great range of
mountains, as the Laramie range, Black Hills, Wind River range, Big
Horn range, &c., anticlinals on a grand scale; all the ridges, whether
composed of changed or unchanged rocks, inclining, step-like, from one
central axis.
In the distance, near the North Platte, a bluff-like wall can be seen,
composed of the White River tertiary beds, nearly horizontal or inclining at a very small angle. This abrupt wall is more or less continuou~
all along the shore of this ancient fresh-water lake, and marks steps in
the progress after erosion. It shows that the sediments once extended
up to the flanks of the mountains, with a thickness of several hundred
feet more than at present. Between this wall and the sides of the
mountains, which vary in distance from two to twenty miles, there
are always remnants more or less continuous, with greater or Jess thickness. It is from underneath these beds that the older rocks appear, here
and there, over an area sometimes of only a few hundred feet, or extending several miles. About five miles north of La Bonte, close by the
traveled road, there is a somewhat remarkable conical butte, composed of
:fine gray sandstones, portions of it approaching a quartzite. The butte
is about fifty feet high, with a dip 35° to the northeast, and looks like
a mass of rocks that had been transported from some other locality and
lodged there, for there are no others of the kind for a considerable distance on either side. The explanation appears to be, that this is an
isolated portion left after the erosion or denudation of this valley. A bout
half a mile to our left there is a long parallel ridge inclining northeast
toward the Platte, with the basset edges of the rocky layers on the
southwest side towards the road. At the base a small portion of the
rell beds is visible; above them the Jurassic series. 0\-er the red beds,
and forming a sort of transition or bed of passage between them and
the Jurassic series above, is a layer of this same sandstone, thirt~y to
fifty feet in thickness. This anticlinal valley is about five miles iu
length and a mile in width, and is now occupied almost entirely by the
rell beds, while the gray sandstones, and doubtless the more recent
formations, Jurassic and cretaceous, extend over the whole area; and
this butte, with a few masses of sandstone on some low elevations close
by it, is all that is left at the present time. I call them remnants, monuments, or landmarks, left after erosion to assist us in reconstructiug
the ancient form of the earth's surface. We cannot say that, because as
formation or series of formations do not exist over certain areas at the
present time, they did not once exist there, and that too in their full
development. Bow these isolated portions escaped the general erosion
it is somewhat difficult to dete;rmine. '.rhe currents of water, wllich seem
to have come from the direction of the mountain range, were perhaps
turned aside by some obstruction thus passing around them; no debris of
any kind has lodged on the sides of the butte. The entire plain country
of the vVest affords examples of these buttes, and I have often alluded
to them in former reports. Bijoux Hills, on the :Missouri River, Turtle
Hill, Deers Ears, Thunder Butte, Church Buttes, Pulpit Rock, and many
others which have been regarded as worthy of a place on our best
geographical maps, are examples of this kind.
A glance at the map will show that the Laramie 1\lountains have bent
around westward so as to cause the upheaved ridges to incline about northeast, and as the range continues to curve the ridges to incline north and
even to the northwest, following the bend of the axis of elevation. In thtl
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red beds, between the La Bonte and La Prele, are some layers of :fine white
amorphous gypsum. About ten miles from La Bonte we cross Spring
Creek, a small stream without wood, where travelers sometimes halt
for lunch or rest. The most conspicuous feature here is the bluff
wall of tertiary, which extends up westward so as to form the high hills
on the north side of the valley. The waters have worn deep into the
cream-colored marls, so that we have over a restricted area miniature
''bad lands." The dome-like hills and the numberless furrows down the
sides, the harder layers projecting out like verandahs, are well shown.
Three miles before reaching Fort Fetterman, the lignite beds make their
appearance from beneath the more modern deposits, exhibiting their
peculiar lithological characters in a marked degree. The strata dip 200
northeast, and where seen in apposition, the White River tertiaries do
not conform. Seams of lignite and great quantities of brown iron ore
occur here. Some of the iron ore is quite rich, but most of it is very
lean. The prevailing constituent in all the rocks, sands, sandstones,
clays, &c., is iron, presenting every shade of color that can be derived
from that mineral, the yellow iron-rust color predominating. There are,
however, some layers of quartzite or coarse sandstone, which is very
compact and nearly black, and some of it contains a fair percentage of
iron. As soon as we come to these beds, the entire surface of the country
presents a somber hue, more rugged and less fertile; due probably to the
greatly diminished amount of calcareous matter. Much of the country
has a burnt appearance, due, probably, to the oxidation of the iron. Fort
Fetterman is pleasantly located on a bench-like point between the La
Prele and the North Platte, near their junction. It commands a fine
view of the country in every direction, but more especially up the Platte
Valley, which can be seen for ten miles or more, with its sinuosities and
its pretty fringe of fresh green foliage. All the underlying rocks on
both sides of the Platte, as well as the La Prele, for several miles around,
belong to the eocene or lignite tertiary period. The soil everywhere
seems to be productive. Several of the officers at Fort Fetterman have
made experiments in raising vegetables in a small way with success.
It is the opinion of Colonel Chambers, the commander of the post, that
with suitable irrigation, all the more important crops can be raised with
ease.
.
·
On the morning of the 17th we made a short side trip from the fort
up the valley, to the canon of the La Prele. Lieutenant O'Brien and
Captain Wells accompanied us to point out the location of a remarkable
natural bridge, which was said to rival the famous one in Virginia, with
which every school-boy is familiar. We found it even more wonderful
than we had anticipated, and it is a matter of surprise that so great
a natural curiosity should have failed to attract the attention it deserves. The canon is about ten miles from the fort, and is formed
by the passage of La Prele Creek through a long ridge that extends
from the La Bonte to Red Buttes. The canon is one of upheaval and
erosion. The ridge is a long, local anticlinal or "puff," and the strata
incline from each side of the summit. The gorge is very irregular and
tortuous, :filled with huge masses of rock that have fallen down, obstructing the passage. vVhere the stream has cut through the rocks direct
we have vertical walls on each side and a narrow gorge; but where
the channel passes along a rift the valley expands out s·e veral hundred feet. Where the La Prele emerges from the calion it cuts
through the limestones and red-beds at right angles, forming a regular
gorge, with walls :fifty to one hundred and :fifty feet high. At the head
of this gorge the stream has at some time changed its bed, passing
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directly through a point of rocks that extends across the channel. The
old bed is now overgrown with tr~es and bushes, but is fifty feet higher
than the present one. The little creek must have changed its course
slightly, for some reason not apparent now, so that its waters were
brought against this point or wall of rock, and finding a fissure or opening ~through, it gradually wore its present channel. It is certainly as
perfect a natural bridge as could be desired. The opening uuder the
bridge is about one hundred and fifty feet wide and fifty feet high. The
old bed is about three hundred feet to the northwest. It is also plaiu
that the water at one time flowed over the top of the bridge, which is
fifty to one hundred feet lower than the top of the gorge, so that we
have here some of the intermediate steps which a stream takes in the
process of wearing out a gorge or channel. The rocks are mostly limestone, quite pure, arenaceous limestone, and at the base very cherty
limestone. I found a few fossils in the canon in a blue limestone, as
Hemipronites crassus, Productus nodosus Myalina peratten~tata, &c. I
think all the rocks are of carboniferous age, although some of them may
be Silurian. Whatever the age of the rocks may be, there seems to he a
great thickening of them as we go westward. This ridge, which is
twelve hundred feet above the base, is composed entirely of what I have
usually classified as carboniferous rocks, and nowhere in the canon,
which is at least half a mile in length in a straight line, have the waters
worn through to the granites. On the west side of this ridge the beds
incline west, northwest, and southwest, and between it and the main
mountain range there is an interval of ten to fifteen miles in width,
with one or two ridges of limestone and sandstone dipping from the
mountains. This broad interval forms a beautiful, grassy valley, which
is a great resort for game, and will some time afford fino pasturage fo1
stock. The metamorphic rocks soon make their appearance. On the
northeast side of the ridges the White River beds lap on the flanks iu
many places, but here and there they are stripped off so as to reveal the
red-beds, Jurassic marls, and the cretaceous. Six miles of the valley
between the canon is covered with the modern deposits, and the remainder of the way to the fort, with the lignite beds, which are shown in high,
cut bluffs of ferruginous sands and sandstones. We were indebted to
the hospitable officers of Fort Fetterman for a very pleasant and instructive day.
We will now notice briefly the geological character of some of the wellknown localities contiguous to but not immediately on the route. The
White River group, which we have had occasion to mention so often,
extends from La Prele Creek eastward nearly to the Missouri River.
It is therefore the prevailing formation in this region. Scott's Bluffs,
Chimney Rock, and Oourt-house Rocks are weB-known landmarks on
the North Platte, belonging to the White River group. , A few miles
north, or northwest, of Irort Laramie is a group of high hills rising
above the tertiary beds, exposing a considerable thickness of carboniferous rocks, with an extensive series of gneissic strata; and here and
there a nucleus of feldspathic granites. Raw Hide Butte, which gives
origin to several streams, as Raw Hide Creek and a branch of the Nio
brara River, rises above the surrounding country six hundred to eight
hundred feet, and exposes a nucleus of reddish feldspathic granite, with
gneissic strata inclining from its sides, with carboniferous limestones
reposing unconformably upon the upturned edges. In some cases the·
limestones are elevated to the summits of the hills in a nearly horizontal
position. All these isolated mountains seem to have been islands in this
great tertiary lake. There is no doubt that all the formations that succeed the carboniferous period, as triassic, Jurassic, cretaceous and lower
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tertiary, once covered them in their full thickness, but they have all
been swept away. Now the more modern tertiary beds jut up against
their sides or are deposited high up in the ravines, indicating by their
})Osition that this lake existed here after the mountains had attained
nearly their present elevation. There is also an anticlinal valley more
or less distinct, extending across the intervening country, connecting
those elevations with the Black Hills and the Laramie Range. The fact
that nearly all of the ranges, however small they may be or distinct
from each other, are connected together by some link however obscure,
illustrates the unity and simplicity of the Rocky Mountain system.

CHAPTER II.
FROM FORT FETTERMAN TO SOUTH PASS.

On the morning of the 20th we left ~"'ort Fetterman for the South Pass
by way of the Sweetwater. Our :first camp was on Box Elder
Creek, twelve and one-third miles up the valley of the North Platte.
The lignite tertiary beds are the only rocks exposed, and they incline
north and northwest 50 to l50. They are composed of rusty sands and
sandstones, arenaceous clays, with some seams of impure lignite. Some
of the sandstones are largely concretionary, and break in pieces readily
on exposure. The high ridge to the west of us trends about northeast and southwest. Along the base of the ridge are some terrace-like
benches, perhaps broken fragments of higher levels not swept awa~.
They extend at intervals as far as Fort Uasper. In some instances
they jut up closely and even lap on to the flanks of the ridge
They are remnants of the White River group, which once extended uninterruptedly over the whole valley close up to the ridge, but which has
been washed away, except these fragments. They now seem to give
that bcautifnl bench-like aspect to the surface, which, contrasting with
the rngged features of tho ridge, adds interest to the scenery. They
nowhere incline more than 5o, and in most instances are horizontal,
never conforming with the older formations. It is most interesting, by
means of these remnants, to trace the old shore-line of the lake, which
can be done as perfectly and as clearly as that of any of the northern
lakes of the present time. This hog-back or ridge seems to have formed
an effectual barrier to these waters on the north side of the Laramie
Mountains .
. The Box Elder Calion affords a good section through the ridge. It is
a much more regular gorge than the calion of tlle La Prele, and is purely
one of erosion, and is six hundred to eight hundred feet in depth. It is
so narrow that it is difficult to pass through it on foot, and the sides are
})erpendicular, and sometimes oYerhanging. The predominating rocks
are sandstones, or calcareous sandstones, with some layers of quite fine
limestones, but there· is a great variety of texture. Some of the layers
indicate very quiet deposition for forty or :fifty feet, but the greater portion of the sandstones is full of irregular layers, showing clearly the
nature of tho waters at the time. The prevailing color is light yellow,
varying to a deep rusty hue, but there is often a tinge of brick red which
is marked at some localities. The sandstones are full of beautiful siliceous geodes. The crystals of qnartz are mostly small, but very clear,
and are sot in a layer of amorphous silica or chalcedony as a paste. In
the cherty limestones are very distinct fossils, as Athyris, Orthoceras,

GEOLOGICAL SURVEY OF THE TERRITORIES.

25

and others. Near the summit of the ridges the gorge becomes very deep
and narrow, and the granite rocks are well exposed, with the unchanged
beds directly in contact. In the valley of a small stream about four miles
above, the unchanged beds extend only up to the foot-hills, while their
relation to the metamorphic rocks is perfectly clear. Resting directly
upon the granite rocks is a bed of reddish sandstone and quartzite,
sometimes so coarse as to be called a pudding-stone, which I have no
doubt is Lower Silurian, (Potsdam.) No fossils could be found, but the
character and position of the rock render it most probable that it is of
that age. .Above it. without any apparent unconformability, are beds
of limestone and sandstone, which I have regarded as carboniferous, i
though a portion may be of older date. Receding from the foot-hills
is a series of low ridges, of Jurassic, cretaceous, and lignite strata, as far
as the eye can reach-far across the Platte. The red beds are not clearly
shown, but there are remnants of them on the flanks to show they once
existed here. The White R.iver beds which jut up against the sides of
the ridge are largely made up of reddish, indurated sand, no doubt derived from the ground-up materials of the red beds. .Among the carboniferous rocks of this region are beds that could be made useful for
economical purposes. The yellow, rather chalky limestone near the
summit of the ridge is rather magnesian, and could easily be wrought
into fine building materials. It somewhat resembles the magnesian
limestone so much in use near Junction City, Kansas, but it is more
chalky. It contains a few small cavities filled with quartz crystals, but
not to such an extent as to prove an injury. ·T he surface exposed to the
atmosphere is covered with beautiful, basin-like depressions, in which
the rain-water accumulates, showing that it is acted upon readily by the
atmosphere. The mountain ridge which we have been examining runs
out in the valley of Deer Creek, about fifteen miles above the Box Elder,
producing a jog. .A second l'idge comes in about five miles back of
this, which fronts the Platte for ten miles, where the Casper Ridge
juts in abruptly and ends with the Red Buttes. This jog occupies an
area about five miles wide and ten miles long, and has been so smoothed
by denudation that it is very beautiful to the eye, and always has been
an attractive place for herdsmen.
Eleven years ago I passed a portion of the winter in this valley, connected as an assistant with an exploring party under the command of
Captain W. :B"'. Raynolds, United States Engineers. Our stock, which
amounted to nearly two hundred mules and horses, was wintered very
nicely in the valley of Deer Creek near this jog, without a particle of
hay or grain, with only the grass which they gathered from day to day.
The climate was mild and the snow never deep, so that the ground was
always exposed to some extent. The present season the hay for winter
use at Fort Fetterman is obtained from this valley. The geology of the
valley of Deer Creek is very interesting in its details, and I regretted
that I could not spend more time at this point. From its junction with
the North Platte for five miles of the valley the lignite beds are well
developed, revealing the usual sandstones, indurated clays, &c. N oar the
mouth of Deer Creek a coal-bed was on fire in the winter of 1859-'60, and
I was informed that it is still burning. The surface is heated and much of
the earth baked a brick-red color for a considerable space. Five miles
up the valley the black clays of No. 4, capped with a thin bed of ferruginous arenaceous clays, No. 5, is exposed in the bluffs by the creek.
Underlying a long bench which extends down from the foot of the
upheaved ridges are two quite striking beds of sandstone. The lower
one is concretionary entirely; that is, it is filled with spherical masses
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of sandstone of all sizes from a few inches in diameter to several feet,
which split horizontally into .t hin laminm. The indurated sandy clay
in which these concretions are inclosed exhibits the same concretionary,
character so that the rocks weather into curiously fantastic forms. This
bed is undoubtedly cretaceous, and is probably a bed of passage to the
lignite tertiary. A few fossils are found in the harder masseR, as Inoceramus, Baculites, &c. Above this bed is a thick group of grayish-brown
sandstones, with rusty brown concretions, which also weather into cur-ious architectural forms. These benches extend nearly to the foot of the
upheaved ridge, with only a slight inclination, perhaps 5°. The older
beds are exposed forming a very narrow belt.
Our camp on the night of August 21 was near the mouth of l\fuddy
Creek, on the North Platte, thirty-four and one-fourth miles northeast
of Fort Fetterman. Muddy Creek rises in the Laramie range, cutting
a remarkable canon through the eastern end of Casper Mountain, one of
upheaval and erosion combined. The eastern end of this singular ridge
is about :fifteen miles southwest of the mouth of Muddy Creek, and continues nearly parallel with the Platte for twenty miles or more unt,il it
ceases at the Red Buttes. About noon of the 22d we left the Platte near
the mouth of the Muddy and struck across the intervening country in a
southeast direction, to make an examination of this interesting ridge.
The scenery at the head of the l\Iuddy is very remarkable, and, so far as
dynamical geology is concerned, would well repay a week or two of diligent study. Casper Ridge seems to t.rend nearly northeast and southwest, and the rocks which cap. the ridge dip slightly southeast. The
ridge is capped with carboniferous limestones and Potsdam sandstones,
and these form a high wall abutting north west toward the Platte, as if
the whole mass bad been lifted up eight hundred to one thousand feet
above the plains below, in a nearly horizontal position, and the edges bad
been broken off all round, and the fragments are now found lying against
the sides in a highly inclined position, or have been washed away. The
eastern end has escaped erosion, for the ridges are here quite large. The
l\fuddy flows through a narrow valley, for a mile or two over a portion of the
red beds-a high ridge on the left, composed of heavy beds of bluish
limestone, red argillaceous sands and sandstones; immense beds, capped
with a massive bed of fine pudding stone, which I have usually regarded
as the bed of passage between the Jurassic and cretaceous. This is the
first time I have noticed these pudding-stone beds north of Cache a la
Poudre. They are well developed and persistent through Colorado and
New Mexico, but apparently disappear, in part or entirely north of the
Union Pacific Railroad. But here we :find them appearing quite suddenly
in full development. Immense cubical masses have fallen from the
ridge, twenty feet thick. This pudding-stone is composed of smoothly
worn pebbles cemented in a paste of sand, and disintegrates slowly, and is
so hard that a fracture passes through the pebbles. It would polish well,
and make an excellent building rock. These tilted ridges seem to bend
around toward the south side of the Casper Ridge, and I have no doubt
it may be regarded as an oblong quaquaversal. The edges which ha,·e
broken oft~ or bent down, incline from all sides of the central portion.
The Muddy Creek issues from Casper Ridge in two branches, cutting
deep and most picturesque gorges through the yellow and reddish carboniferous rocks. The walls of the canons show on the outside the
beds inclining 400 to 60o, but in the ridge the beds are nearly horizontal from base to summit, :five hundred to six hundred feet. These
gorges show quite clearly the anatomy of the ridges. Passing from the
.east end of the ridge westward, we find that for about a mile the broken

GEOLOGICAL SURVEY OF THE TERRITORIES.

27

portions lap on to the sides of the ridge in regular order, then for
about five miles they have •been entirely swept away, revealing the
meta,morphic rocks in places and the contact of the unchanged beds
with them. An immense deposit of debris covers the lower ridges at
the base and juts up against the sides of the ridge; the nearly vertical
edges of the fragmentary ridges project above the debris, as remnants
left after erosion. The debris or superficial drift is so great that it jnts
up against the side of the ridge at least six hundred feet above the bed
of the Platte, concealing, to a great extent, the underlying formations. Still portions crop out occasionally, showing that they exist. The
ridges of cretaceous and lignite tertiary are very distinct in the plains,
inclining from the mountain at a small angle. Near the Platte, about
ten miles above the Muddy Creek, there is a considerable area covered
with light-gray sandstones, which have weathered into most unique
forms. They resemble the ruins of some old village, portions of the
stone walls with the chimneys remaining. One mass of rock we called
the "Blacksmith's Forge." The material is a :fine gray sandstone, with
very irregular layers of deposition. No single lamina can be traced
continuously more than a few feet. The rock is also full of rust:r, ferruginous, hollow nodules. It has been weathered full of holes and caves,
which give it a picturesque appearance. These afford :fine places
of retreat for wild animals. The sandstone is so soft they have be~n
enabled to extend the natural cavities at pleasure. When examined with a glass the sandstone shows small particles of quartz, with.
a few grains of feldspar and mica, loosely held together. ~I:he dip of
all the tertiary beds is northeast 5° to 20°. A bed of lignite crops out
in many places. Near old Fort Casper the long benches that extend
clown from the base of the ridge toward the Platte form a marked feature in the surface. They are composed of tertiary and cretaceous beds,
and the latter formation is better shown here than at any other point
north of the Chugwater. These benches are really table-lauds, their
surface appearing even and smooth to the eye. Just above the bridge are
some high bluffs on the left bank of the Platte, composed of lower cretaceous clays, No.2. On the summit of the hills, about four miles east of
the Red Buttes, are some quite prominent ledges of yellow ferruginous
sandstone with Inoceramus and huge rusty concretions ; underneath
them are the black shaly clays of No.2, with all the evidence of barrenness which they carry with them. There seems to be an unusual exposure of the cretaceous beds for about :fifteen miles, and they j nt up
close to the base of Casper Ridge. The beds incline from the ridge in
regular order, and follow its flexures.
Our camp near the Red Buttes was an interesting and instructive one.
'Ve were located on a broad, grassy bottom of the Platte, in a sort of
amphitheater, with the rocky beds rising to a great elevation all around
us. The Red Buttes are so called from the high ridges or groups of ridges
which are separated by the channel of the Platte. The basset edges ot
the beds bear eastward toward our camp, and a layer of the brick-red
argillaceous shales is exposed. As we approached them from the east
in the afternoon, the rays of the setting sun gTeatly beightened their
color and brought them out in relief, so that we could readily see why
they have been such prominent landmarks and have so long attracted
the attention of the traveler. These buttes, taken together, may be
regarded as an irregular anticlinal, with one side formed of quite
lofty ridges, anu the opposite side fragments of low ridges, which look
as though they had broken oft' of the edges of the opposite portion
during the upheaval. The red beds are well exposed, with a thickness
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of four hundred feet, and above them are the Jurassic beds, with Pecten, Belemnites densus, and a small species of Ostrea in great numbers.
The summit is capped with the thick layer of pudding-stone described as
occurring near the source of the..lVIuddy, huge masses of which have fallen
on thesideandat the baseoftheridge, looking like gigantic boulders. One
of these masses is twenty-eight feet in all its dimensions, and is composed of water-worn pebbles, varying in size from a grain of quartz to
an inch in diameter, set in a cement of sand. The large, amphitheaterlike area inclosed by the Red Buttes and vicinity might be called an imperfect quaquaversal, composed of a number of anticlinals and partial
quaquaversals. On the north side of the Platte an anticlinal extends
off toward the northwest, showing in a small area the upper portion of
the Jurassic with a full development of the cretaceous. The two sides
come together in a distance of five or six miles and finally die out in
the plains. The Platte passes through this anticlinal. On the south
side of the river the two sides of the anticlinal are well shown, but
only the cretaceous and .Jurassic beds are exposed. In the former are
four or five layers of sandstone with interpolated beds of indurated sandy
clay, and separating the two formations is a massive bed of quartzite
or sandstone, of variable thickness as well as texture, ten to thirty feet.
On the east side of the Platte is quite a remarable gorge or canon, which
was .first observed by the zealous photographer of the expedition, Mr.
Jackson of Omaha, and in whose honor we called it Jackson's Canon.
The waters of a former period (for the gorge is a dry one at the present
time) have cut directly down through the limestone, much as they
have at Box Elder and at the head of the Muddy. The gorge is two
hundred feet wide at the top, and sixty to seventy feet at the bottom,
and three hundred and fifty feet to four hundred feet deep. From the
canon the red beds incline in a series of ridges which form one-half
a circle. These red beds contain irregular seams of gypsum. Far
to the northwest the Big Horn Mountains can be dimly seen, and the
intermediate space between them and the Platte is slightly disturbed by
lines extending across the plain toward the range. These lines of disturbance, or anticlinals, seldom bring to the surface rocks older than cretaceous. At Piney Butte the Jurassic beds are exposed over a very
small area. It appears that at this point the Laramie range breaks up
into several lines of disturbance, extending far across the plain toward
the Big Horn range. So far as I can ascertain, the ranges are there
more intimately connected than with any others to the westward. They
both form the outer or eastern border ranges.
On the morning of the 26th we left our pleasant camp near the Red
Buttes, and passed over the high ground to the westward, with the
Buttes on our left, and the ranges of the Big Horn dimly visible on our
right. In looking back from the west, eastward, on the ridge of which
the Red Buttes form a part, we can see that the general dip is about
southeast or south, inclining gently down to the plain. About four mile~
west of the Red Buttes, on the north side of the road, are the most remarkable semi-quaquaversals, one of which looks much like a crater.
The northwest side forms a perfect rim, while the southeast is open,
with a dry valley alongside, into which the materials within the rirr:.
have been washed, so that it forms half an amphitheater, with the inclosed space smoothed off and gTassed over. The southeast end of Piney
Butte Ridge is separated by a synclinal, not more than one hundred
yards wide. The ridges form a complete half circle, and they extend
across the country far to the northwest. Between the Red Buttes and
the Yellow Springs, a distance of sixteen miles, there is a series of low
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ridges, forming several anticlinals. The long walls of sandstone ex.tencl
across the country northwest a11d southeast, inclining 30° to 50°. The
sandstones are mostly of the age of the lignite tertiary, gray and rust;y
brown color, with all kinds of texture and modes of deposition.
About five miles west of the buttes a new formation appears of later
date, the latter dipping 50 to 10° in 1,he same direction, but not conforming to the older beds. Long ridges and benches extend down nearly
parallel with the course of the Sweetwater, composed mostly of indurated argillaceous sands of a lighter color and less variable materials than the lignite beds. The high ridges around our camp are capped
with a thick bed of quartzite sandstones, sometimes approaching a
pudding-stone. West of Willow Springs we ascend a high hill covered
with a thick bed of quartzitic sandstones in drift, and capped with the
coarse sandstones. It is quite probable that we have been passing over
the eastern rim of an ancient fresh-water lake, the rockmaterialsofwhich
are incidental with the trend of their deposits. Long high benches, comlJosed of these beds, extend far southward as the eye can reach, parallel
with the North Platte anu the Sweetwater. It is plain that they jut up
close against the sjdes of the ridge that borders the north side of the
Platte, ncar the junction of the Sweetwater. Here and there the cretaceous or lignite ridges rise above the more modern deposits, always inclining at a large angle, showing unmistakable discordancy. Ascending
an elevation of about four hundred feet, west of Willow Springs, we descend a long slope, into the valley of the Sweetwater, which, in some
respects, is one of the most interesting geological districts I have ever
examined in tbewest. Thereisahighridgeor divide between the drainage
of"'Vind River, North Platte, and Sweetwater, three hundred to four
hundred feet above the channels of these streams, which is composed of
the tertiary beds. The Sweetwater forms a distinct concavity, with this
high divide on the north and east, and the valley has been scooped out
so that until we reach the Sweetwater Calion, near the South Pass, only
the massive granite ridges rise up among the modern tertiary beds which
jut close up against their base. This is most emphatically a valley of
denudation, over a space of at least thirty to fifty miles in width. All
the unchanged formations, from the lignite tertiary down to the massive
feldspathic granites, haye been worn away, leaving the granites scattered over the valley in the isolated ridges. At that time there was a
fresh-water lake which occupied the entire valley, much as Salt Lake once
occupied the great basin, concealing most of the granite ridges, while
others rose above the waters like islands. Then was deposited -what
might be called the Sweetwater group, or perhaps a series of beds identical
with the upper portion of the Wind River deposits. These were scooped
out again in time, and the pliocene marls and sands were deposited; and
then again there was an other scooping out of the valle,y, and finally a coYeringthehillswith drift. In the pliocene marls and sands are quite abundant remains of mammals, similar to those which are found on the Niobrara
River, in Nebraska. The Seminole and Sweetwater mountains, although
covered all about their :flanks with tertiary beds, show, higher up, the
elevated ridges of Potsdam sandstone and carboniferous limestones. The
whole range is comparatively smooth and grassed over, as if it had been
too high above the waters to have been affected to any extent by the
later forces that scooped out the valley; so, too, the Sweetwater :Mountains, or hills as they should be called, simply expose the Potsdam ~:;and
stone, carboniferous, red beds, with very small areas of the Jurassic, cretaceous, and granites. Indeed, the Sweetwater valley is a sort of anticlinal,
w1th the Seminole and Sweetwater bills on the south side, and the divide
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between the 'IVind River and Sweetwater on the north. The northern
portion of the anticlinal is seen only for ten to twenty miles near the
Three Crossings, where tl}e lower Silurian and carboniferous beds are
shown over a restricted area. The numerous granite ridges which are
scattered all through this valley are most probably remnants of a vast
mountain nucleus, from which the unchanged rocks inclined on either
side.
W P; pass over a level surface for the most part, through the deep sands,
which are the result of the disintegration of the tertiary sandstones.
Large areas are covered with the alkali efflorescence, so that they are
white as snow. From Willow Springs we camped at Independence
Rock, a noted landmark for travelers for many years past. I was
anxious to understand the geology of this wonderful spot, and on that
account was delighted to find my tents pitched at its base. The Sweetwater flows immediately along the southern end of it, although on the
opposite side of the stream another ridge continues toward the southwest, which, I have no doubt, was once connected with it. Independence
Rock is really one of the granite ridges in this valley, and is a remnant
of much larger mountains. It now looks like an enormous boulder lying
out in the plain. It is a vast but most excellent illustration of the theory
of disintegration by exfoliation, for it is rounded and resembles an
oblong hay-stack with the layers of rock lapping over the top and
sides of the mass like the layers of hay on a stack. Thin layers have
been broken off in part, and huge masses are scattered all around it;
but on some portions of the sides they lap down to the ground with
so gentle a descent that I was able to lead my horse nearly to the summit, about two hundred feet. Two sets of fissures are plainly seen in
this rock, one set east and west and the other north and south.
The entire llllass, as well as all the granite ridges in the valley, may be
called feldspathic; that is, the red and white feldspar predominate, while
the mica occurs in very small quantities. It is quite probable that the
vast quantities of this alkaline efflorescence were derived from the decomposition of the feldspars. Stansbury gathered some of these salts,
which he called ''efflorescence from a saleratus pond," on Sweetwater
river. Dr. Gale found them" to be composed of the sesquicarbonate of
soda, mixed with sulphate of soda and chloride of sodium, and is one of
the salts called Trona, found in the natron lakes in Hungary, Africa, and
other countries." These salts are not perceptible to the taste in the water
of the stream itself. The granite ridges south of Independence Rock,
and on the opposite side of the Sweetwater, I estimated to be from one
thousand to fifteen hundred feet above the bed of the stream. I ascended
one of the loftiest of the ranges, with great difficulty, on account of the
smoothness of the rocks and the abruptness of the sides. From the
summit as far as the eye could reach in every direction granite ranges
could be seen, of varying lengths, from one hundred to fifteen hundred
feet above the surrounding plains. Far away to the southeast, dimly
seen and overtopping all the rest, was a range of mountains which I suppose were the .Medicine Bow range. All around the flanks of these
granite ranges the same tertiary beds jut up without any interruption,
ancl are smooth and even, so that the granite masses seem to rise abruptly
out of the plains. In some of the broad intervals are the most beautiful
terraces or benches, sloping gently down from the base of the mountains
to the valley. Not a sign of water could be seen in any of these mountains at the present time. A few cottonwoods and groups of quaking
1,sps, in some of the ravines on the sides, gave evidence that water issues
fi·om them at certain seasons of the year. A few stunted pines struggled
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for existence among the crevices, and some rare shrubs and ferns were
all the vegetable life observed. It seems as though the Sweetwater
flowed through this valley for fifty miles or more with scarcely a tributary to add to its volume.
These granite ridges present the finest opportunity for the study of
rocks. Huge fissures, whieh have been enlarged by atmospheric agencies
so that they vary in width from a few inches to several feet, seam and
furrow their sides.
On the summits vast masses, of one hundred tons weight, appear ju3t
ready to topple down. Many of these fragments look like gigantic
boulders, so rounded have they become by the process of exfoliation, awl
such they would be called if they could be transported from the tops of
these mountains by water and ice to the prairies of Illinois, without any
further change in their form. Some of these masses are now covered
with thin scales or layers, which are ready to fall off, and multitudes of
fragments are scattered around. Before leaving Independence Rock we
endeavored to obtain an approximate idea of its dimensions. The circumference, measured with the odometer, is fifteen hundred and fifty
two yards, and the barometer indicated the height of the north end to
be one hundred and ninety-three feet, and the south end one hundred
and sixty-seven feet. The trend of the mass is abo\:tt northeast and
southwest. There is a depression near the middle which cannot bt,
more than sixty feet high. The huge fissures which pass through tlH·
rock in various directions seem to form channels for water, and remin<J
one of a river and its branches. .Although there is enough of red feld
spar to give the whole a reddish tinge, yet the white or soda feldspa.
occurs in great quantities. Five miles up the vaUey we came to an
other well-known locality, the Devil's Gate, a canon which the Sweet
water seems to have worn through the granite range. The road passeE
through a depression in the mountain which is about thirty feet higher
than the bed of the stream, and I am inclined to believe that the Sweetwater once flowed through it, but for some reason, not very obvious,
changed its channel. Perhaps the water found some fissure through
which it began to flow, and gradually wore its way through, as we
see it at the present time, or it may have vibrated its way from point
to point. Now the stream flows between these lofty walls with a low,
gentle murmur, which cannot be regarded as the roar of a torrent.
Indeed, it gave forth a soothing music not common to mountain streams.
The current is not strong, and finds its way among the huge masses
which have fallen down from above without difficulty. Tlw left waH is
somewhat higher than the right. The calion is about northeast and
southwest, as if the waters had passed through a sort of dike fissure,
and the northeast end shows the gate more perfectly, where the walls
on either side are nearly vertical, and the width of the bottom is not
more than one hundred feet. The southeast end is worn out to some
extent, and is two hundred to three hundred feet wide. By the barometer Mr. J. W. Beaman made the right wall three hundred feet high,
and the opposite one to be a few feet higher. In the gate or canon is a
wide dike or trap, which has a trend about northeast and southwest, in
which the channel of the river may have started originally. A.t the
present time the waters have cut across the dike so that the southeast
portion still remains on the right side. These granite ranges are not
unfrequently banded with old trap dikes, trending about northeast and
southwest, and varying in width from a few feet to two or three
hundred feet. Some of them yield quite readily to atmospheric agencies,
and many conspicuous depressions are produced in the ranges, thus
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addjng much to the picturesqueness of the scenery. These dikes are
quite common in some of the ranges, and all have a peculiar black ap-pearam~e in the di8tance; but the difference in texture is shown by the
influence of the atmosphere upon them. Some of them stand up as
sharp and angular as ever, but most of them have been so rounded off
that the loose masses are nearly spherical, and the thin con,ts are falling off like the la,y ers of an onion~ Sometimes the materials are coarse,
and the rock falls in pieces; again the mass is round and smooth,
glistening like black opaque quartz. There is no evidence at the present time of the age of these dikes, except that the-material was thrust
up through the fissures in the granite. They may be of different ages
or of the same ~ge. We find they have been subject to the same
erosion as the granite, and extend across the country in regular bands.
From the Devil's Gate we traveled westward along the bottoms of
the Sweetwater to the " Cloven Peak," a conspicuous landmark for the
traveler. On our right hand we were walled in most effectually by the
granite ridges; on our left, in the distance, about fifteen miles, was the
Seminole range, or hills, as I have regarded them in this report. They
rise high above the surrounding country, but seem to have formed the
south side of the tremendous erosive forces which once swept through
this valley. The outlines of these hills are so diff~rent from any others
that are within tbe range of vision, that they excite the attention of
the observer at once. There are no ridges of upheaval along the flanks,
as in the case of the Laramie range, but the grassy plains jut up close
to them, and the very summits are, for the most part, rounded and
grassed over. No timber clothes them, except now and then a group
of poplars. The north side is very abrupt, while the south side
slopes off into the plains. Near the Three Crossings there is a low
point or pass in the hills which extends for about ten or fifteen miles,
where a second range commences, called the Sweetwater Hills, and
continues to the South Pass. The Seminole Hills rise about fifteen hundred feet above the Sweetwater Valley, while the Sweetwater Hills vary
from eight hundred to twelve hundred feet. Near Cloven Peak, fifteen
miles west of Devii's Gate, there are some high bluff banks on the south
side of the Sweetwater, about one hundred feet high, which indicate
the existence of quite modern tertiary beds, like those on the Niobrara
River. They are composed of indurated sands 'and marls of a lightgray or cream color, and are in appearance precisely like those seen on
the Laramie River, and many other places, which I have usually re- ·
garded as of the pliocene age. Still farther to the westward are numerous exposures of these beds, which are weathered into the usual fortification-like forms, and scattered around their base are large numbers of
remains of extinct mammals and turtles, apparently identical with those
found on the Niobrara. They occur in the same beautiful state of preservation. These beds are full also of oddly-shaped concretions of sandstones of all sizes. The_sandy beds disintegrate very readily, and the
bottoms, as well as the road, are made up of loose sand, which is readily
moved by the wind, rendering traveling difficult. Indeed, the entire
valley of the Sweetwater, below St. Mary's Station, is more or less
covered with moving sands, the result of the disintegration of these
pliocene beds. The appearance of the surface is similar to that seen on
the Niobrara River and the head of the Loup Fork in Nebraska. I am
inclined to believe that these pliocene beds are a deposit made subsequent to the somber brown indurated sands, and the conglomerate sandstone which forms the outer rim of the Sweetwater basin. The pliocene
beds are best sb-own i11 the valley itself near the stream, while no traces
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of it were seen (on the high divide west) about the rim of the valley.
The granites form tile boldest and most barren-looking ridges I have
ever seen ; some of the peaks are true dome-shaped, and are apparently
as smooth and as bare as a church dome. No water is to be found iu
or around them, and here and there a few stunted pines manage to extract a scanty nourishment from among the :fissure~;. On our left the
most-magnificent benches extend down from the Seminole l\fountaius
for ten miles or more. This range is smoothed and grassed over, and
some portions are thickly covered with pines.
West of the Seminole Mountains is another detached range or group
of hills ten to fifteen miles long, parallel with the Sweetwater; then
near the Three Crossings there is another range, low and covered thickly
with pines. Still farther west is another detached group of hills, which
extend to the South Pass. These hills undoubtedly form the southern
rim of the Sweetwater basin. l think this basin varies from thirty to
:fifty miles in width. In one of these detached groups of hills we can
see a high ridge of limestone, with a strike northwest and southeast,
while the group of hills trends about northeast and southwest. Near
the Three Crossings the high granite ridges are on our right, and rise
seven hundred to eight hundred feet above the bed of the Sweetwater.
From the tons of the ridges, far to the westward, we can see the Wind River
range, and feel the cool breeze that comes sweeping down the valley, ladened with the icy chill from the snow-clad summits. Small lakes are also
visible in the plains, some of which seem to be fresh water, while all around
. the shores of others there is a thick efflorescence like snow. Far distant to the uorth and northwest there is another rim of this basin, which
I have called the north rim or side. The granites near the Three Crossings seem to be somewhat peculiar. There are two principal sets of
joints, one of which is horizontal and the other Yertical, dividing the
granite range into cubical blocks, and giYing to the sides of the ridges
somewhat the appearance of mason work. Sometimes the v-ery compact
fel.dspathic beds separate into columnar forms, which ·a re quiie picturesque. The peculiar mason-like appearance of the granite valley is
entirely due to the vertical and horizontal fissures. This feature is more
marked at this locality than at any other point we have examined.
On the 31st we made an examination of the lower range of hills which
extend up to the South Pass on the south si(le of the Sweetwater. We
found the granites occupying a very restricted area, and inclining from
them a larger thickness of Potsdam sandstone with Obolella nana and
·a Lingula. Inclining against the Silurian sandstone was a rnaRsive bed
of compact bluish and yellow limestone, with a strike northeast and
southwest. At one locality I found the beds had been tipped past ver.,. ticality ~0°. The red beds were also shown here quite well developed.
It woultl seem that the rauge of hills on the south side of the Sweetwater valley forms one side of the anticlinal, and the axis of elevation
is not far from the channel of the stream. A pretty little branch with
a considerable volume of water, and crowded with beaver damR, has
excavate(! a valley near this point. It has a fork also, which is fringed
with little cottonwoods, a feature quite unusual in the Sweetwater valley.
Jutting up against the sides, and penetrating every valley or gorge in
the outline of the mountains, are the brown indurated sands of the \Vind
River deposits; among them are impure seams of lignite or carbonaceous clay, with layers of coarse sandstone or an aggregate of particles
of quartz. The diRintegration of the harder beds has covered the surface with small fragments of rock. A little farther to the southward a
huge hill, with almost vertical sides, is composed of light gray sands
3G
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and 'vorn crystals of quartz, with a thickness of from four l.nmtlred to
six lmw1red feet. II ere inclnrnted quartzose sands ha.v e beeu weathered
into most fantastic columns fifty to sixty feet high, giYing to the group
in the distance the appearanee of white marlJle monuments in a churchyard. l\'Iuch of the rock looks like the decomposed gangue of sih-er and
gold lodes as seen in Colorado, tbat is, small fhtgments of qnartz in a
feldspar paste. On the side of this almost perpendicular hill, the summit
nf which is eight hundred to one thousand feet above the Sweetwater
Valley, are enormous granite boulders of all kinds, gray and red feldspathic massive rocks. Not only the granites but also the sandstones decompose by exfoliation. In the brown beds are seams of rust-brown
pudding-stone, which disintegTates on the low hills and in tllC Yalle.vs,
covering the surface with small smooth pebbles and fragments of clay.
This entire range of hills has the north side very abrupt and high
toward Sweetwater valley, but the south side slopes gently down
into the plains. I ha\e no donbt that the nuclens of this range of hills
is composed of the older rocks, as Silurian, carboniferous, or red beds,
&c.; but, so far as we can see at this time, the modern tertiary beds
seem to conceal them from view. Some of the valleys of erosion parallel
to the bills show by the high walls a great thickness of tertiary beds.
From the summits the eye extends far southward, fifty miles or more, over
a most desolate, barren plain, with llere and there a table-top butte to
show that the surface was once much higher than at present. It is cut
up into innumerable '"alleys, which give to the surface an irregular, wayy
appearance. Not a tree or shrub greets the vision over this yast desert
waste. The immense quantities of granite boulders, red and gray, which
literally cover the tops and sides of this range of hills, must ha vc been
S\\~ept down from the Wind l~iver Mountains. Some of these granite
masses are ten to fifteen feet in diameter; others are sunk so deep in the
earth that they appear to be in place. Across the plains, at least one hundred miles 'dista.nt to the southwestt two or three low ranges of mountains
or hills are visible. Toward the west end and on the north side of the
range of hills I noticed a peculiar semicircular depression, about twentyfive feet below the summit, which affords an example of a, land-slide on
a large scale. This slide coyers an area of about a mile in length and
a fourth of a mile in width, and is covered with groves of the aspen.
Abo,·e the Three Crossings, on the north side of the Sweetwater, are
several quite conspicuous granite ridges, but they soon disappear.
Soon the beds of Potsdam sandstone, with carboniferous limestones and
:portions of the triassic, make their appearance 1 inclining at. an angle of
200 to 300 northwest, and, 1n a short distance, pass beneath the \Vind
River deposits. \Ve could not ascertain that any rocks older than the
miocene tertiary beds occur along the northern rim of the -valley from
Willow Springs up to this point.
From the Three Crossings to St. :Mary's Station the valley bottom of
the Sweetwater is about half a mile in width and looks like a meadow, as
usual. Our camp on the night of the 30th was near the point where the
stream comes out of the first ridge. Hitherto it has flowed through an
anticlinal valley, with the Sweetwater mountains or hills on the south
side, and the granite ridges, capped with Potsdam sandstone ridges near
8outh Pass. One of the most conspicuou~ features are the long benches
that come down from the Sweetwater bills so regular, so high, and
m~enly rounded that they strike the eye at once. They are composed of
modern tertiary marls, probably pliocene.
About four miles below St. Mary's Station the Sweetwater flows
through a ridge of Potsdam sandstone with a trend nearly cast and
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west. inclining north 75°. The' rock is rusty, reddish quartzite, or an
aggregate of particles of quartz. The Silurian and carboniferous rocks
appear here and there, but the tertiary beds are tho most conspicuous.
Near St..Mary's Station tile beds of conglomerate project out of the
bluffs, oil both sides of the Sweetwater, qnite conspicuously. On the
distant bills the arenaeeous marls are much exposed in the form of naked
hills, at the base of which l\1r. Elliot disco\ered some very interesting
turtle remains. About a mile al)Ove St. :l\Iars's Station tho Sweetwater
flows out of a deep gorge or canon, cutting the ridges of older rocks at
righ1, angles. The strike is northwest and southeast, dip northeast.
The limestones and sandstones are very conspicuous. On the north
side we pass over the upturned edges of an enormous thickness for three.
fourths of a mile, inclining 300 to 40o. These ridges form the east side
of the anticlinal that runs down from the vViud River 1\Iountnins.
Indeed it is a portion of the range itself. So far as tlw east side is concerned I ha\e never seen a more perfect anticlinal. The series of ridges
of carboniferous limestones and Potsdam sandstones extends across the
country in regular lines, and the erosion has been such that the outcroppiug edges are but little above the general surface, so that they can
be studied with ease. The main road passes across tbe edges of all the
rocks at right angles. Not far distant to the northwest the sno-wy peaks
of the Wind River range rise high above the surrounding country.
Here and there, resting upon the edges of the older rocks, are patches of
the modern tertiary deposits, remnants of the last pAriod of erosion.
As we approach the base of the mountains there is a sjght dip in these
tertiary beds 3° to 5°, as if the last movements were subsequent to their
deposition. There is a deep valley from the base of the mountains to
the Sweetwater, which marks the line of separation between the Silurian
and carboniferous ridges, completely separates tllem, but indicates no
discordancy. Inside of these ridges is an immense thickness of slates
standing nearly vertical, with a strike northeast and southwest, inclining
slightly northwest. Extending to the northeast toward the Wind Hiver
Valley could be seen ridge after ridge of cretaceous all(! tertiary beds.

CHAPTER III.
FHO~I

SOUTH PASS TO FORT BRIDGER.

Like tbc Black Hills of Dakota and the Laramie range, the Wind
Ri,er Mountains form a complete anticlinal. It is so regular that when
once the key to its structure is obtain('d it is studied with great ease.
So far as my observations have extended, all the ranges with a northwest and southeast axis are simple and regular iu their structure. They
may be defined briefly as a nucleus of granite or gneissic rocks, risiug
step by step on either side toward a central axis, and on each si<lc of
the nucleus the various unchanged rocks inelining at a variety of angles.
Sometimes extensive erosion and the subsequent deposition of modern
tertiary beds or drift obscures the study, and we shall find that tllis i&
the case witb the Wind River range. The Black llilJs of Dakota is the
most complete illustration of an anticlinal, not complicated by other
inflneuces, that I have met with in the West. The nucleus is massiYe
feldspathic granite, -with a series of gneissic beds outside of it; these
·incline in every direction from this nucleus, a sort of narrow, ova}
f]nnquaversal, and all the uncbanged beds known In this !)lwtion of th(-
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west from the Potsdam sandstones inclusive to the top of the lignite
tertiaries. The trend of the vVind River range is northwest and southeast. The portion in which the South Pass is located is about ten
miles wide, and is composed mostly of metamorphic slates in a ncarl~·
or quite vertical position. · It is in these slates that the gold mines are
found. The gu~ch diggings are quite extensive, and although much bas
been done in that way, yet there is a most extended field open yet for
the enterprising miner or laborer.
The facilities for placer mining are very great on account of the
supply of water. The gold-bearing rocks are composed of thin gneissic
slates, which occupy a somewhat restricted area about ten miles
wide and twenty to thirty miles long. Some of the slates are very thin
and might be made useful for building purposes; others are more silicious
and fracture into columnar masses. Veins of white quartz run through
these slates very frequently, and it is in these the gold is found. Tbe
most celebrated lodes in this district are the Cariso and " The Miner's
Deligllt." The Oariso lode is about four feet wid€; the shaft has been
sunk one hundred and forty feet; the quartz yields $50 to $75 per ton.
About $75,000 has been taken out of the mine by its owners. The lode
has a strike northeast and southwest, and a dip of 70o. It was discovered in 1867. and has been worked two years. The lode itself is
mostly composed of white quartz with some iron pyrites, while the
country rock consists of gneiss. It wi1l be seen at once that the great
Yalue of these ores lies in the ease with which the gold can be extracted.
I shall describe these mines more in detail in a subsequent portion of
this report, and simply allude to them now in their geological relations.
The elevations, as taken by 1\fr. J. W. lleaman, are of some interest.
At ''St. l\fary's Station," on the Sweetwater, 6,590 feet. .Ascending
from ridge to ridge for ten or fifteen miles, 6,894, 7,149, 7,356, 7,405,
and 7,524 feet, a gradual ascent, and probably approximately correct .
.At Fort Stambaugh the elevation is 7,7 L4feet; .Atlantic City, 7,666 feet;
South Pass City, 7,857. .At Washakie's Camp, at the base, main range
S~158 feet, and 1he high ridges below the central ridge, 10,215 feet.
This central portion of tlle South Pass district. or the area occupied.
mo~tly by the metamorphic slates, I have estimated at ten miles in wiu.th
and twenty to thirty in length. The surface is somewhat rolling, but
cannot be called rugged, and. bears evidence of remarkable ero~ion. In many places long lines or rounded elevations extend across
the surface like the ripples of a lake. The surface bas been so worn
down by erosion, and the irregularities filled with a heavy drift deposit,
that these ridges or outcropping edges just project above the surface.
Usually the surface is well grassed over, and in the valleys of the
streams large quantities of hay are obtaineu. The timber consists
principally of groves of aspen here and there, which give a beautiful
appearance to the scenery.
September 1.-We arrived. at Fort Stambangh, and by t.he kind permission of Major Gordon, the commander of the post, pitched our camp
near a fine spring, three hundred. yards below the fort, and about three
miles from ..Atlantic City. This post was named in memory of a gallant
officer, Lieutenant Stambaugh, who was killed by Indians not far from
this place during the past year. It is finely located in one of the most
romantic spots in this region, surrounded by high hills, with beautiful
gro,·es of aspen on their sides. Springs of pure water are abundant. ·
September 3.-We left our camp at this locality~ with a small packtrain, for a short trip to the ·'V':rind River Mountains; our direction "-as
northwest about ten miles, across the metamorphic slates, until we came
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to the foot-hills; here the granites prevail. At :first they lmve a fissilo
structure to some extent, but soon become massive, like the granites of
S\Yeetwater Valley, except that the feldspar is white. The mass of tho
Wind River Mountains is gray granite, with here and there some red
feldspathic seams; but as I found it in 1860, when cro5sing the range
near the source of vVind River, to the head of Le"·is' Fork of the
Columbia, the central mass is mostly gray granite and wonderfully uniform in texture. Small masses of black gneiss are distributed tluongh
the granite. After entering the foot-hills we moved up the Yalley of
one of the various branches of the Sweetwater, ~hrough most rugged
scenery, among thick pines and over vast quantities of broken rocks or
debris. At last we reached a high ridge which forms the divide between
the waters that flow into the Sweetwater and those of the Sandy, and
near this ridge, at an elevation of over 10,000 feet above the sea, we had
a complete and near view of the Wind River range. Far abo\e us roso
thesnow-cappedridges of the axis of the range, with Fremont's and Snow
Peaks full in view. Fremont has given in his report the eleYatiou ot
Snow Peak, which is probably the highest of the range, as 13,570 feet.
One of the peculiar features of these mountains is the deuse growth of a
kind of "nut-pine," which furnishes food for innumerable birds ~nd
squirrels, and supplies the Indians with their favorite food.
Washakie's band of Shoshones bad been up in the mountains only a
few days before, and hundreds of the treeR had been cut down for the
nuts. I should judge that the limits of arborescent vegetation is about
11,000 feet. On the south side of the range there is not much perpetual
snow, only here and there a patch; but on the north side snow-banks
are extensi \e.
From this biglr ridge we had a most remarkable as well as instrncthTe view of the southwest side of the range. Far out in the plains the
long· parallel ridges of the. white tertiary marls could be seen, then
step by step the ridges of granite rising to the summit. The outline of
these granite ridges revealed most clearly the anticlinal character of the
range, their sbarp summits pointing toward the snowy crest aiJoye
them. On the east side of the anticlinal the outcropping edges of a
high ridge of carboniferous limestone extend down toward the S-weetwater near St. 1\Iary's Station. The Silurian and carboniferous ];'Ocks
form a conspicuous wall on the east side; on the west side, far up to tbe
head-waters of the Sandy, they seem to be concealed by modern tertiary
deposits. Not only the sides of the lower ridges, but the top and sides
of the central mass are covered so thickly and continuously with fragments of granite that this becomes one of the most conspicuous features.
Both Snow and Fremont's Peak are one mass of debris. During the day
:Mr. Jackson, with the assist~Jnee of tbe fine artistic taste of J\fr. Gifford,
secured some most beautiful photographic views, which will JH'OYe of
great value to the artist as well as tbe geologist. We made our camp
at night near the foot of Fremont7s Peak, by the side of a spring of the
1mrest crystal water, surrounded with a thick growth of fresh green
grass, that gave a manifest delight to our animals. We were on tbe Pacific slope, and as the waters of the little spring passed by ns, within a
few feet of our camp-fire, in the stillness of the night, we imagined we
could hear in its rippling music the faint echo of that of the great
ocean to which it was hastening. Among the numerous plants which
grew here, many of them with handsome flowers, I was attracted by the
g-reat abundance of a species of trifolium, with a white blossom, about
the size of our domestiC red cloYer of the States. There was also a
large species of allium which I have not observed before in the \Vest.
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Although the geology as well as the mineralogy of the Wind River
range is very simple, yet we turned our backs upon it with regret. I
shall always retain in view the hope that I may yet be permitted to spend
several months in this interesting range, so prepared that I can work
out its topography as well as geology. In studying these mountain systems, the geology is the anatomy, and we must have the · topography
with it to clothe the skeleton and give it an expressive form.
On our. way up the valley we passed several saw-mills which belonged
to l\ir. \¥. N. Hi11man, of Atlantic City, one of the old pioneers·of the Far
West. Thirteen years ago I met him near the base of Laramie Peak,
where he was engaged, as director of a saw-mill, by the commanding
officer at Fort Laramie. His experience in the Rocky Mountain lumber
·business has been more extensive than that of any one else, and from him
I obtained some valuable information. He informed me that the Rocky
l\Iountain pines made lurn ber of about average quality; that the trees
were of young growth, from two to three feet in diameter; that the
boards dress smoothly and easily, and endure well, and are mostly free
from pitch. The lumber can be produced at about $50 per 1,000 feet.
He always explores the ravines and canons on the north side of the
mountains for the large tall pines, while on the south side they are liable
to be scrubby and knotty. The agricultural capacities of this mountain
region do not differ materially from those of the mining districts 'of
Colorado. The grazing is excellent everywhere. Potatoes, turnips,
peas, beans, and all kinds of garden vegetables that do not require a
long season grow remarkably well in the vaHey of the Wind River, and
are produced in considerable quantities at the present time.
At the time of our visit here Washakie's band of the Sboslwnes was
encamped in the valley of one of the branches of the Sweetwater, where
it emerges from the foot-hills of the mountains. Through the kind aid
of l\iajor Gordon, 1\-Ir. Jackson was able to secure a remarkable series
of photographic views of these Indians and their. camp in their native
haunts. Most of the views have the Wind River Mountains as a background, and also show the women and children as they are naturally
distribnteQ. about the village. I regard this series of views as a real
0ontribution to Indian history.
On the morning of September 5th we left Fort Stambaugh, and followed the old emjgrant road toward Fort Bridger. We had received
m·ery attention, and much assistance that was of great value touR, from
the gentlemanly officers of the post. To Major Gregg, the quartermaster, we were especially indebted, not only for many social courtesies,
but for that kind of aid which is so indispensable to our success, and
which it is in the power of that officer to grant. Major G. kindly caused
~til of our wagons to be repa,i red, and furnished abundant supplies for
our animals and ourselves.
\Vest of South Pass City we cross over gneissic slates that dip northeast 1oo to 250. A little farther on we come to granites which incline
in the same direction. ~ear the crossing of the Sweetwater are thick
beds · or reddish feldspar and white quartz imbedded with the gneiss.
The white quartz extelHlS across the country in bands, about northeast
and south west. The quartz seams in the massive granites are quite
conspicuous, and trend in the same direction. The dip is southwest 200
to soo. The granites and gneisses continued nearly to the Paeific
Springs. The massive granites intercalated among the stratified gnejssie roeks are the same in color and texture as those forming the central
mass of the Wind River range, and I regard them as all of sedimentary
origin.
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South rass is a gradual eleYation, like a divide, between the streams
to the plains. Indeed, the whole countr:r is an elevated plain, gently
unduluting, and the traveler passes the true divide or line of separation
between the valleys of the two oceans without observing it.
On the evening of the 5th we arrived at Pacific Springs, one of the
sources of the Sandy, a branch of Green Ri\Ter, a long, 10\y, uoggy piece
of ground full of springs, and a notable camping place for ernigrantR. 'VL'
have spoken of the low riclges of granite and gneiss, which are distributed here and there along our route~ from South Pass to Pacific Spring~.
Scattered over this surface, forming the water divide or pass, and filling
up the irregularities, is a superficial deposit of modern date, probably
pliocene, which once covered the area occupied by the metamorphic
rocks in considerable thickness. This deposit is composed of drift underlaid by yellowish-white arenaceous marls, with greenish clay. Wells
are dug near Fort Starn baugh through a great thickness of this ligllt
marly clay, which is undoubtedly the result of the decomposition of the
feldspathic granites. Just west of the pass we have several hundred feet
of these modern beds, which form long parallel ridges, with rather
marked naked white surfaces, evidently denuded of vegetation, by the
perpetual winds that sweep down from the northwest. Extending
nearly east and west, or north west and southeast, and inclining gently
to the south and southwest, is a broken ridge seven hundred feet above
the springs, capped with a bed of coarse, rnsty sandstone, evidently of
modern age. This ridge is covered over ·w ith huge granite boulders of
Yarious textures, which seem to ha,Te come from the northeast. Just
south of the ridge is a still higher one, with strata horizontal, and so
denuded that the surface resembles "bad lands,'~ with red, indurated
arenaceous clays at the base, rising up into light yellow marly elays,
''eathcring into the usual fantastic forms. The highest point to the
southward is Table Hock, or Steamboat Buttes, as they ha,Te been
named by the emigrants, rising high above the surroundiug plains, a
monument to perpetuate a portion of the former thickness of the middle
tertiary formations in this region. The strata are nearly horizontal,
aud must haYe reached a thickness of one th.ousand feet or more, extend:
iug over the country far to the south and southwest toward the
railroad. I regard the western si<le of the 1Vind River anticlinal as
the eastern shore of the second series or 10\ver miocene tertiaries, which
l'each all over the basin drained by the Green -River and its tributaries,
southward to the junction of Henry's Forlc The northeast side of the
shore line i.· very steep and abrupt, inclining slightly, 30 to 5o, coYered
• '"ith immense granite boulders, but little "·orn, which evidently came
from the \Vind Hi ver range. The white and yellow marls and clays rest
on the metamorphic rocks, are of pliocene age, and they extend far to the
north west, parallel with the range. The sa me formations occnr near the
Three Crossings in the Sweetwater Valley, and are rich in remains of
extinct mammals, similar to or identical with those of the Lonp Pork
group. The reddish or India ocher clays, ·w ith leaden gray bands, form
the base of the lower miocene group. Abo,Te them is an extensive sel'ies of yello"·ish marls and rusty-drab limestone, filled with a species of
Bythinella, Yiviparus, and other fresh-water shells, with silicified wood.
One of the peculiar features of the lower clays, near this shore line,
which does not occur farther inland, is the numerous seams of small
rounded peblJles, held together loosely with fine sand. As we descend
tllC Yalley below Pacific Springs it soon expands into a broad meadow,
which yields a vast quantity of hay. Winding through the meadow is
a fine stream of water, which increases in size continually from springs
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until it unites with the Sand;y. On the Little and Big Sa,ndy the forma·
tions are like those near Bryan and on Green River, and on the denuded
hills the remains of turtles were found. At our camp on the Big Sandy,
September 7th, we caught the best view of the Wind River mountains we
have yet seen. As the morning sun shone on them and scattered the
mist and smoke from their summits, they seemed not far distant, and
loomed up along the horizon with a sharp, clear outline, that rendered
the view most grand and imposing. Fremont's and Snow Peaks were
clearly defined, and the series of sharp peaks that project from the
main ridge seemed to diminish in height far toward the sourees of Green
River. In no country in the world, it seems to me, can such a comprehensive view be presented to the eye at a glance as at this point, where
it can take in one of the loftiest of the ranges which form the main
chain of the Rocky Mountains, stretching along the horizon for at
least one hundred and fifty miles. I could not ascertain that any of the
older sedimentary rocks are exposed along the western side of this
range, from the South Pass to the sources of Green Hiver. Ridges of
the lower miocene tertiary strata along the western limit of the metamorphic rocks form an unmistakable shore line of the ancient lake.
Between this shore line and the foot-hills of the mountains is a belt of
metamorphic slates and gneiss, covered here · and the~·e with pliocene
marls. The erosion all along the western side of the mountains has
been tremendous, sweeping down in a northeast direction to the Sweetwater Valley. In a preceding chapter I described the Sweetwater Valley as one of erosion, on a most remarkably grand scale, and tllat the
Sweetwater and Seminole Hills formed the south side of the anticlinal,
and that the north side is seen at the present time only in fragments
here and there, most of it having been swept away or concealed by the
Wind River deposits. I am also inclined .to belieYe tllat the Sweetwater Valley is only an extension to the east or soutll of east, of the
·axis of the Wind River range.
From the Big Sandy to our camp on Black's Fork, near Granger Station, we passed over the Green River beds, capped here and there with
ridges of the leaden-gray, indurated arenaceous clays of the Bridger
group. In the Green River beds are quite abundant remains of reptiles,
as Orocodilus Elliotti, and the fragments of fishes, Un,ios, 111elanias, Paludinas, Planorbis, &c., and found in thelowermiocenee, and Unios,Lynmeas,
and remains of turtles and mammals in the Bridger group. On either siue
of our roa.d we can see in the far distance a high ridge or table-top butte,
like the Pilot Buttes which the erosiv·e forces have passed by as remnants
of the old surface. Among the rugged hills along the Big Sandy, and
in many other localities, are long cylindrical concretions, which look much
like silicified wood. They form the central portions of high, rusty-drab
concretionary sandstones, and on exposure the sandstone exfoliates from
the brown silicified interior, and the latter breaks in pieces, oftentimes in
sections, which show the most perfect concentric rings, like the layers of
growth in wood, with cavities filled with chalcedony. Most beautiful specimens can be obtained of what appears to be a thin, woody, exterior
shell, covered with bark, and lined inside with beautiful crystals of quartz
or chalcedony. Similar concretions occur in .t he Wasatch group near
Piedmont, on the railroad. It is not surprising tnat Stansbury (see
Report, p. 72) should have mistaken these singular concretions for silicified trunks of trees, which they very closely resemble. All over the
surface, and especially on the tops of the bills, are distributed immense
quantities of partially-worn flint rocks, which come from. the debris of
these concretions. It is from these rocks that the masses of chalcedony,
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as well as the "moss agates," have their origin. Along the railroad and
about Church Buttes the surfaee in many places is literally paved witll
Hmall fragments of a dark-brown, shiny, flinty roek, somewhat worn,
among which the "moss agates" are found; all these rocks originate
in the Bridger group.
'V e found our camps on the Sandy Creeks and Green River very
pleasant, with abundant grass for our animals. The bottoms are usually
quite broad, and though covered with the white alkaline efflorescenee
so common to this country, the soil bas all the elements of extreme fertility. Indeed this entire Green RiYer basin, which seems to the eye
so utterly desolate and barren, would produce all the crops that the
climate will permit, most abundantly, if it could be irrigated; and the time
may yet come when this apparently desert region may "blossom as the
rose." Whetller this state of things can ever occur or not, it is sufficient
for me to state, that the soil, whether upland or lowland, contains in
greater proportions the elements of fertility than that of Salt Lake Valley, which has been found so wonderfully productive.
The lOth and 11th of September we camped on Black's Fork near
Church Buttes, and spent the time most industriously and successfully,
exploring the remarkable" bad lands" fot fossil remains, as turtles, mammals. and fresh-water shells, of which we gathered great quantities.
::\Ir. Elliott made a fine series of panoramic sketches and sections, and
)!essrs. J acksou and Gifford procured seventeen beautiful photographic
negatives of t.he most rugged portions of this unique scenery. The materials for the illustration of the different groups of strata are very con;tplete, and will add greatly to our knowledge of the geology of some of
the most interesting regions in the West.
On the evening of the 12th of September we arrived safely at Fort
Bridger, the western terminus of our present explorations.

CHAPTER IV.
FORT BRIDGER AND THE UINTA MOUNTAINS.

On the morning of September 16 we left Fort Bridger for the Uinta
:::\Iountains, under the guidance of Judge W. A. Carter, whose long re~i
tlence at Fort Bridger and intimate knowledge of the surrounding com1.try proved of great value to us in our explorations.
Our course was a little east of north, across tlle plateau divide between
Black's Fork and Smith's Fork. A distance of six miles from Bridger we
crossed over the interval to Little Cotton wood Creek, a branch of Smith's
Fork, anu passed up that valley to the foot-hills of the mountains about
sen~n miles farther. The valleys of these streams are broad and excceuingly fertile. The soil is a rich vegetable mold, and all the vege·
tation reaches a luxuriant growth. Large areas have been under cnltiYation by .Tndge Carter for years. Wheat, oats, barley, and all the roots 1
can be raised here in great abundance and with. ease. IIay can be
obtained in the meadows or damp places in unlimited quantities, and
the grazing cannot be surpassed. That portion of the country between
l!"'ort Bridger and the foot-hills of the mountains may be divided into
bottqm land and table land; that is, the bottoms are very broad, varying from two to five miles in width, and the table lands are sort of terrace divides, wh.icb look in the distance as level as a table top, and descend very gradually from the foot-hills. These plateaus are covered
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with sage at this time, but every acre of them could be cultivated by
irrigation, and the soil is as fertile as any of the fruitful lands of Salt
Lake Valley. The miocene beds of the Bridger Group jut up against the
sides of the mountains in a nearly horizontal position. Up among the
foot-hills I found the bones of a turtle, the teeth and jaws of a mammal,
awl an abundance of fi·esh-water shells, of the genus Planorbis. I am
now inclined to think that the long high ridges that e:s:teud down from the
flanks of the mountains between ea.cli main stream or its branches, are
c.omposed of modern tertiary beds. Still they are so smooth and so
thickly grassed over, and covered with groves of pine and aspen, that I
could never find a locality where the rocks were exposed, so that I could
obtain a connected section. The surface is covered very thickly with
rounded boulders of reddish sandstone and quartzite, with some masses
of carboniferous limestone. Tl10 ascent is very gradnaY, and the roads
excellent, almost to the summits of the range,. at least to an eleyation
of 11,000 feet above the sea.
Both Smith's and Black's Forks separate into numerous branches, and
between each one is a lofty, precipitous ridge, which extends down from
near the summit of the mountains in tue form of steps or abrupt points.
Ph~asant Point and Porcupine Point are examples of this kind. lt is a
curious fact, however, that none of these ridges ever reveal their interior
character, being clothed with a dense growth of pine and aspen, or in the
open places, on hill or in valley, thickly with grass and a deep soil. For
ten miles at least not a trace of the basis rocks could be found in the
channels of the streams. Spruce Hidge, between the sources of the l\Iuddy
and the valley of Bear RiYer, revealed the fact that there is an immense
deposit of drift covering a belt along the flanks of the mountnins from
ten to twenty miles in widtlJ, extending iu some places nearl,Y tD tlle
crest of the range. Tbe upper portion of this drift is composed of fine
arenaceous cla,ys, covered ''ith a deep, rich, vegetable soil. It therefore
sustains a luxuriant vegetation up to an elevation of nearly 12,000 feet.
The mountain rises in steps, because there are ridges of elevation;
hence, Judge Carter has giYen this range the appropriate name of
"Terrace 1\lountains."
Thus we have two kinds of ridges; those of ele\ation, which -are parallt'l with the axis, and those of erosion, which are parallel with the
Yalleys of the streams, and radiate from the axis at right angles to the
ridges of elm·ation. The first locality, between Smith's Fork and Black's
]!'ork, tLat we observed rocks in place was at Photograph ridge; a lofty
upheantl of carboniferous limestone, inclining at an angle of 40°. The
eleYatiou of the crest was determined by the barometer to be 10,829 feet.
This ridge extends across Black's Fork, with a trend about northeast
and southwest. From this ridge to the axis of elevation there is a
series of sandstone ridges, passing gradually into red and gray quartzites. These ridges rise, like steps, to the crest of the range.
Tbe first ridge is composed of dnll, purplish sandstone of Yarious
degrees of texture, from a compact sandstone to a pebhly conglomerate.
The quantity of broken rocks and debris is wonderful, rising like a wall
one hundred to two hundred feet high. Then comes a broad, grassy
valley and a second ridge of sandstone, though a portion of this ridge
is covered with the drift deposit,, so that the sandstones are seen only
in the sides of the valleys of Smith's and Black's Forks. The inclination
of these sandstones is about 85° north west. At the foot of the ridge
next io the crest of the mountains there is a broad valley like a plateau.
This has the appearance of an elegantly prepared lawn, so thickly and
mrenly is it covered with grass. It is 11,869 feet, and 1,100 feet aboYe the
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limit of arborescent yegetation. This also forms one of the radiating ridges,
which cxtew:ls down from the axis of the range to the plains, and separates the valleys of Smith's and Black's Forks. Sometimes it is se\Teral
miles in width, but toward the crest of the range the ridge of separation
is not more than two hundred yards wide. Standing on either side of this
ridge, the view that meets the eye toward the sources of these streams
can hardly be surpassed for ruggedness and picturesque beauty. The
valley of Smith's l!"'ork seems to be altogether one of erosion, cutting;
through the uplifted strata nearly at right angles. The beds are well
shown in the si<les of the valley for miles, inclining at angles from 20°
to 35o. At the very sources of both Smith's and Black's Forks are
pyramidal or conical peaks most distinctly stratified, and apparently
horizontal, or nearly so, with the summits above the limits of perpetual
snow, and from fifteen hundred to two thousand feet above the springs
that give origin to the streams below. These peaks or cones are vast
piles of purplish compact quartzite, resembling much Egyptian pyramids on a, gigantic scale, without a trace of soil, vegetation, or water.
One ®f these remarkable structures stands out isolated from the rest, iu
the middle of the valley of Smith's Fork, which we estimated to dso
fifteen hundred feet above its base; and so much like a Gothic clnuch
did it appear, that the members of my party gave it the name of Hayden's Cathedral.
From Carter's Plateau I descended into the valley of Smith's Fork,
and after traveliHg about three miles over ridge after ridge of sandstone and quartzite, inclining at various angles from 20° to 30o, I came
·within a short distance of the base of this cathedral, when I found tLat
it formed the south side of an anticlinal, and that the trend of the
valley was northeast and southwest. It would seem that while all the
beds on the north side of the anticlinal dip at a large angle, those on the
south side were forced up in a nearly horizontal position, inclining
southwest only 30 to 5°. The valley is full of little lakes, whicb. form
an interesting f('ature of the scenery of the Uintas. In most cases they
are the result of land-slides, and occur at different elevations, depending upon tlle conditions that bring them into existence. Carter's Lake
is a beautiful sheet of water, inclosed on one side by a semicircular wall
of purplish sandstone and slates, and on the other by a dense growth of
spruce trees. The depression for the accumulation of the waters of this
lake was forme<l by an immense mass of rock sli<liug <lown from the
ridge~ aboYe. The si<le of the mass opposite the ridge from which it
was detached "·ould be the highest, forming a rim for the depression.
Spring~ of water ooze out of the sides of the ridge, snows melt, and
the waters flow down and gather here, and soon a little lake is formed.
This one is tllree hundred and fifty yards in length, and eighty yards in
width.
It is quite plain that these slides have been the chief agency in
enlarging these Yalleys, for even at this time we see the evidences of it
eyerywhae, Loth at the head of Smith's and Black's l!"'ork. The -valley
exteuus from half a mile to a mile above the anticlinal valley, and iu
the dry season of autumn, far above the existence of water. I am inclined
to belieYe that the origin of the stream and its valley began in this
autielinal opening, an<l that the valley has extended up above it by the
sli<liug dowu of vast masses of rock which were swept downward by the
wat.ers. On the west side of the valley of Smith's Fork, near its head, is
a vast semicircular notch or indentation, nearly half a mile deep, which
has been wholly formed by these slides. In the valley belO\v, which is
fiye hundred to eight hundred feet deep, are half a i:Ozen lakes, occupy-
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i ng the depressions of these slides at different elevations. Tile day that
we explore<l tlle valley, ''as quite warm, and tlle si<les were coYere<l with
banks of snow twelve to fifteen feet deep, from the edges of which were
flowing streams of water into these little lakes or pools. From tile sides
of the valleyissued beautiful springs also, which contributed tlleir portion.
F ;om these lakes flowed little streams, which gradually concentrated
into the main ehannel of Smith's Fork. The same description \Yill apply
to t.h e valley of Black's Fork, except that a portion of the east side seems
to be formed of the sloping side of one of the inclined ridges of sandstone,
thus showing that it is notal together one of erosion. The west side reveals
all the quartzites and sandstones in their regular order of sequence, for
several miles, inclining at various angles from 200 to 400. From the high
peaks of the crest of the range we can look down the deep, almost straight
valleys of Smithis and Black's Forks, southward into the plains, and
follow the remarkably tortuous course of the little streams that flow
down them. There are no real mountain torrents in this range, no
picturesque waterfalls or narrow gorges; but the valleys are deep and
wide, with almost vertical sides, eight hundred to twelve hundred feet
high. Yet the lower portions below the quartzitic belt are covered thickly
with trees or grass, so that the underlying rocks are concealed. The
fall of the water is so slight in the streams tllat they are not only exceedingly tortuous, but frequentlJ7 accumulate in little lake-like expansions, which add much to the beauty of the scenery, especially as the
waters glisten when the morning sunlight falls upon them. In a volume
entitled ''Sun Pictures of Hoeky l\fountain Scenery,'i illustrated with
photographs, I have included two views, taken at the head of the west
branch of Bear River, by Mr. A. J. Russell, as types of Uinta Mountain
scenery. Sun pictures No. 1 and No. 14 exhibit Moore's Lake with
the quartzite mountain in the background. The stratification can be
.~een perfectly. This work, though very costly, can be found in most of
our public libraries and can be referred to by those who may be inter~sted in the scenery of the Uinta Mountains. .Mr. Jackson, photographer
to the sunTey, has taken a large number of views in this range, illustrating
every variety of form which the texture of the rocks would admit of, in
the process of erosion or weathering. These views, I hope, will be given
to the world in some form at no distant day. As studies of the geological and geographical features of the country they will prove of great
Yahw, and tlwir :fidelity to nature cannot be denie<l.
\Vc descended the dividing ridge between Black's and Smith's Fork~:;
by the same road we passed up, but nowhere below Photograph Ridge
dic.l \\e see any of the rocks underlying the drift. I am confident that,
could the immense deposit of drift be stripped off, we should find the
regular series of formations, as triassic or red beds, Jurassic, cretaceous,
and older tertiary, and possibly coal-beds. Yet so thick a deposit of
drift and modern tertiary covers the sides and foot-hills of the range
that these formations do not probably affect the outline of the surface.
It is quite certain, however, that they will be found cropping out somewhere, even on the north side of the range, or perhaps on the south
side in the Uinta Valley. I regret very much that my time would not
permit me to make a thorough exploration of both sides of this most
interesting range. Some problems which now are obscure might thus be
made plain
TRIP TO THE HEAD OF BEAR RIVER, UINTA. MOUNTAINS.

\Ve left Fort Bridger on the morning of the 24th of September,
\lith a small pack train, and pur-sued a north course up the va11ey of
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Black's Fork for fourteen miles. This is a beautiful and fertile valley,
vaQ·ing from three-fourths to a mile in width. Every foot of the
bottom land could be cultivated with ease, and Black's Fork would
supply au abundance of water for irrigation. The soil, like that of all
the valleys of the Uinta range, is a rich black Yegetable mold, which
always sustains a heavy growth of native vegetation. The creek itself
is fringed with a handsome border of cottonwoods and aspens; spruce
and pine come in, which, mingled with the deciduous trees, give a pleasant variety to the foliage. Each of the streams that flow down the
slopes of the Uintas separate into numerous branches, and between each
branch there is a dividing ridge which extends down from the mountains and breaks off abruptly at the base. The Bridger group extends
up to the base of these ridges and juts up against the foot-hills. Then
come the grass-covered and woody ridges, which are composed of strata
of yellow and green arenaceous clays, with thin layers of sandstone projecting from the sides. The grass and other vegetation covers the surface so uniformly that it is difficult to find a connected section of the
strata, but it is probable that there are lower tertiary beds, which form
a portion of the coal series.
Leaving Black's Fork we ascended the dividing ridge westward to
:Muddy Creek, and followed an old trail just under the foot-hills of the
mountains. The elevation of the summit of the ridge is 7,837 feet.
This ridge is most beautifully diversified with groups of aspen trees.
The surface is covererl with loose water-worn rocks, mostly the red
·sandstones and quartzites that must have been drifted from the crest of
the mountains. On the west side of this ridge is a singular table-top
lmtte, with an elevation of 7,977 feet, and five hundred feet above the
waters of the n1uddy, which flows along its western base. It is evidently
a fragment of an upheaved ridge of middle tertiary strata, inclining from
the mountains at a ~:~mall angle. The southwest side is very abrupt, and
the strata are exposed so that a moderately good section can be studied.
The summit is covered thickly with water-worn boulders, which seem to
have lodged there on their way from the Uintas. The deposit of drift
is at least fifty feet thick, and the greatest accumulation of the boulders is
on the abrupt edge toward the ranges. Below the drift are atternate layers
oflight-gray argillaceous limestone, sandstone, and laminated arenaceous
clays. In one of the upper beds of limestone is a thin seam of black
chert or flint, with fresh-water shells, and plants. A thickness of two
hundred feet of the base of the hill is composed of arenaceous clays
with a light pinkish tinge, which is peculiar to a vast series of bed~
west of the rim of the basin. From the top of this butte the view is veTy
extended in every direction. To the south are the Uinta Mountains,
with the foo-t-hills or ridges gradually sloping down into the plaius,
covered with aspen groves and pines, with here and there grassy,
meadow-like openings. To the west and north, as far as the eye can
reach, thirty to fifty miles, we see only the modern tertiary beds. These
all show a slight inclination from the range, with the southwest side of
the projecting ridges abrupt and denuded, and the northeast side
sloping gently down and covered thickly with grass. On one of the
little branches of the Muddy the carboniferous limestones crop out
somewhat obscurely, but sufficient to show that they exist underneath
tllis vast deposit of drift and tertiary strata. I ban~ no doubt that the
entire series of unchanged beds known in this region, either do exist or
have existed on the flanks of the Uiutas, although at this time they
may have been eroded· away. We know that along the railroad, near
Aspen Station, the cretaceous rocks are brought to the surface, and in tbe
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valleyoftL.e WebertbetTurassic, triassic, carboniferous, &c., arecnormon!'lJy developed. vV e then ascended the ''"est branch of the JYfud(1y, along
· one of tlJe most beautiful mountain valleys we hav-e yet seen. It is
quite narrow, inclosed between high ridges, the sides descending in
step-like slopeR to the stream. The little groves of aspen were distributed over it with the most delicate artistic taste, a:nd the varieties of
autumn coloring of the foliage surpassed every power of description.
One could look for hours upon them, and :yet there were no marked
salient points, and the charm consisted more in a kind of esthetic
feeling which no pen or pencil can portray. The grass is excellent, and
the water pure from motnltain springs. The sage shrub grows very
rank, which also indicates the fertility of the soil. We camped in a
little grove of aspens, and all the party were so well pleased that they
united in calling it Camp Elliott, in honor of the artist of our expedition.
The elevation was ascertained to be 8,194 feet. The next morning,
September 25th, we continued up this branch of the l\Iudcly for about
two miles, and then struck across the divide to the west branch, and
followed tlmt up to Spruce Ridge, the high divide between the waters of
the l\1.ucldy and Bear River. Here we caught a full view of the range of
mountain s, with the sharp veaks covered with snow. This was just the
point we bad desired to reach where we could take a careful survey of
the country, and determine our point of destination. I had with me a
most excellent field glass, and so useful have I found it in my explorations that it has become my inseparable companion. With it I conld
extend my vision over a vast area. Far to the northward, one hundred
and eighty miles distant, the white snow-clad mountains of Wind River
were distinctly visible extending along the horizon. The intermediatB
space resembles in its .surface the irregular broken waves of a sea. To
the "·est, not more than fifty miles distant, the vVasatch range can be
clearl;y seen, while the beautiful broad. valley of Bear River and its
branches are spread out beneath us. It is difficult for one to fully
appreciate the wonderful extent of country over which the eye can travel
through the pure atmosphere in this open country without having
visited it. It sef'ms to me that no other portion of the world can present
so much surface of country to a single grasp of the Yision. Spruce Ridge
explains so much that bas hitherto been obscure in regard to the footbills of the Uintas, that I will describe it more minutely.
Smith's Fork, Black's Fork, and Bear River take their rise in the main
di-r- ide of the Uinta range among tl.te snow peaks. Each one of these
streams has its smaller branches, which originate from springs issuing
from the lower foot-hills. Between Black's Fork and Bear River is the
l\luddy Creek, which drains a broad valley, and separates jnto half a
dozen branches, most of which extend up to the main range. The range
itself consists of a central belt or zone of peaks and ridges, more rugged
and inaccessible than most mountain ranges. This belt varies from five
to fifteen miles in width, and has a general trend about east and west, or
northeast and southwest. Below this zone, the mountainB are composed
of step-like terraces or ridges, which are so eovered with drift material,
and sustain such a growth of grass and timber, that the basis rocks are
seldom if mTer exposed to the eye. Thu~ we have two kinds of ridgesthe ridges of upheaval, which iucline away from the central axis and are
parallel with it, and the ridges of erosion which radiate down into the
plains from the rugged belt before described as forming the crest of the
mountains. Spruce Ridge extends from this central belt with a somewhat irregular outline down into the plains between the drainage of
Black's Fork and Bear River. .All along the sides of this ridge, nearly
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to the summit, thousands of beautiful springs of water gush out, and,
concentrating in some valley, form quite large streams, an<l really are the
main sources of tllese rivers. Sometimes these ridges are only a few
feet in width at the summit, as between the waters of the.l\futldy and
the east branch of Bear River. Here a little further up the mountain
it expands out to a width of four to six miles, and is coYered with
large forests of pine m1d aspen gro\es, with meadow-like openings,
Yarying in size from fifty to one thousand acres eacb. Then again,
to the sources of the main branches near the mountain crest, these
ridges become very narrow, merely separating the waters of the
streams. Upon these ridges are trails or roads, made by men or wild
animals, which lead one with comparative ease up the rugged mountain
divide. Spruce Ridge is formed of a great thickness of drift conglomerate. This consists of quite large masses of purplish and gray saudstone, quartzites, and carboniferous limestones with fossils, with now
and then a granitoid or gneissic rock. The boulders are not usually
large, varying in size from a small pebble to two feet in diameter. The
rocks are mostly the purplish sandstone, quartzites, and limestones from
the carboniferous ridges. These rocks are more or less water-worn;
some of them are quite angular, as if they bad not been transported fnr
Qr rolled in the waters, others are much rounded. They are set h1 an
arenaceous pudding-stone paste, mostly decomposed feldspar and quartz
of a grayish-white color. The whole mass is not closely cemented and
yields readily to atmospheric agencies. Tile entire thickness of this
modern deposit, as shown by this ridge, must be very great, from four hundred to eight hundred feet. It, however, \aries much in thickness iu differ• ent portions of the range. I have mentioued the different kinds of
rocks in this ridge from the fact that such deposits are almost certain
to contain specimens from all the geological formations wllich come
within the scope of the agencies wllich deposited it. I have found by
experience that I can anticipate the existence of nearly all the rocks of
different formations or those of different ages, in a mountain, by examining
the drift materials distributed over the base or foot-hills of the range.
This ridge also presents a marked illustration of the influence of landslides in shaping the surface of the sides of this range. These slides
are doubtless caused by the numberless springs which ooze out of tlle
sides at every point of elevation from the plains to the main di'dde.
They also give the peculiar, terrace-like, orstep-likecharactertothe slopes
which has suggested the name of "terrace range" for these monutaius.
These steps are usually very gradual and smooth, but in some cases they
gi \·e an extreme ruggedness to the surface. The east side of Spruce
H.idge is nearly vertical for t"To hundred feet or more, and the conglomerate beds project out of the sides in horizontal layers. The east side is
very steep, but slopes down to the plains without any very abrupt break,
and is covered with grass or forests of aspen or pine; but the west side is
covered, as far as the valley of Bear Hiver, with a series of abrupt steps,
which would appear to be of comparatively modern date or of different
da,tes within our present period. These landslides, on the "·est side of
this ridge, extend a width of three to five miles before reaching the east
branch of Bear River; and from the summit of this ridge we had a most
excellent opportunity to study the effects. An immense mass of the drift
conglomerate has slipped oft' from the ridge and fallen down; the detached
mass opposite the main ridge is the highest, forming a sort of sharp, low
ridge, sloping toward a depressed center; thus a depression is made for
the accumulation of waters from the drainage of a small area; and thus
others-most of the little lakes that haYe given such celebrity to these
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mountains-have been formed. Carter's Lake, a most beautiful little sheet
of water at the head of Smith's Fork, is formed in that way; it is about
three hundred yards long, and fifty to one hundred wide. These little
accumulations of water oecnr at all elevations from the foot of tho
mountains to the erest; and in looking from the high mountain divide,
down the valleys of Bear River or Black's li'ork, they appear like gems
set in the landscape as their waters glisten in the sunlight. In many
instances these little lakes are surrounded with tall pines, which cast
their shadows across the waters with sueh sharp outlines tllat they have
become favorite subjects for the photographer; thus we have the
beautiful pictures of ''shadow lakes." I have described this ridge more
in detail from the fact that it supplied me with a key to an important
portion of the history of this curious mountainous range which was
before very obscure.
I think the Uinta }\fountains might be divided into three belts or
zones, parallel with the axis : 1. The tertiary beds at the base lapping on the sides of the foot-hills for a short distanee; 2. A broad belt,
fifteen to twenty miles in width, covered with a vast deposit of drift, and
so covered with vegetation, and so smoothed down to the water's edge
of all the streams, that the basis rocks are entirely concealed from view,
and it is only by the accident of a land slide the character or extent of this modern drift deposite can be ascertained, but inasmuch as
it bas gi 'Ten the most prominent surface feature to this range it is worthy
of our eareful study. The third belt comprises the central portion, wh'ich
is covered with sharp peaks rising eleven thousand to twelve thousand
feet above the sea, varying in width from ten to twenty miles. This is
the most rugged and inaccessible portion of the range, and is composed
of high ridges of upheaval, parallel to the axis of elevation, and the
strata inclining from it. These three belts will be described in detail as
we proceed from point to point.
Leaving that portion of the ridge that separates the waters of Bear
River and Muddy Creek, we passed along a sharp crest to a broad,
slopjng, plateau-like area between Black's Fork and the east branch
of Bear River. We thus see at a glance that not only the greater part
of the water of tile main streams that issue from tlte mountain originates in this second or middle belt, but that some of the important
streams are entirely fed from springs that flow out of these grassy or
wooded slopes. In ascending the "'plateau slope" above mentioned we
pass around t,h e fountains of half a dozen branches of Muddy Hiver, which
in the plains become quite important trout streams, varying from ten to
thirty feet in width. As we passed up this ridge toward the 'Yater divide,
sometimes it would expand out three to five miles in width, with thick
forests of pine or broad, meadow-likeopeningscovered with a tllick growth
of grass. Then it would become so narrow that we could look into the
magnificent, gorge-like valleys of the rivers on either side. The surface
is covered thickly with transported rocks, mostly of reddish sandstones
and quartzites of the mountain nucleus. We made our camp in the edge of
the spruce forest, at the upper side of a beautiful grassy meadow of about
o_ne thousand acres in extent, near a fine spring, ten thousand three
hundred and eight feet above tide water. The sky was clear and the
weather mild. 'Ve slept on the ground in the open air with a satisfaction which we shall not soon forget. Our animals drank the mountain
water and cropped the sweet, nutritions grass as delighted as ourselves.
We were about ten miles in a direct line from the axis of elevation. The
course of Black's Fork is nearly north, w-h ile the branches of Bear
Itiver flow northwest. Our camp was within a few hundred yards of
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the west bank of the valley of Black's Fork, and from the margin we
obtained a most instructiYe view of the third or central belt. The west
side of the valley of Black's Fork is very steep, rising from eight hundred to one thousand feet above the channel. It is covered very thickly
with transported boulders, most of which are but little worn. Here
and there are quite broad terraces, produced by land-slides. On the
opposite side are the high ridges of limestone which have been furrowed
down the sides by atmospheric forces in a somewhat striking manner.
The color and general appearance of the mass across the valley led me
to belimre that it was the result of an outburst of igneous rocks, but on
closer examination I found it was an extension westward of Photograph Ridge from Smith's Fork, and was composed of limestones of
carboniferous age. About two miles further up the west side of Black's
Fork we came to an exposure of the red-beds or triassic, the first display of them I have been able to find in the mountains. They are
shown here from one hundred and fifty to two hundred feet in thickness,
passing into grey sandstones quartzites and indurated arenaceous
cla~Ts; then alternate thin beds of gray limestone and sandstone, and
finally into the massive limestone that forms one of the most conspicuous ridges. The inclination of the beds appeared to be 46° north west,
with a trend northeast and southwest. The red-beds being composed of"
yielding sands and clays, are here worn away so that a low, narrow pass.
was formed across the ridge between the west branch of Black's Fork
and the east branch of Bear River, revealing the beds of sandstone and
gray quartzites, thevertjcallayers projecting above the general level like
walls, and their height depended upon the power of the rock to resist the
atmosphere. Further up toward the sources of these rivers, where the
strata are finely exposed, we could. see clearly that the limestones formed
a ridge of upheaval parallel with the axis of the mountains, and extend
off far to the southwest across all the branches of Bear River toward. .
the Wasatch range .
.Among the numerous fossils that occur here in the limestones are
Zaph1·entis, Product~ts Prattenianus, &c. Some of the layers of an
ashen-grey, compact limestone were mostly composed of fragments of ·
remains. The fossils, therefore, fix the age of the limestones that constitute this ridge there, beyond a doubt. The same limestones undoubtedly
extend all over the Utah basin, along the western side of the Uintas,
along the flanks of the Wasatch range and about Salt Lake. Many of·
the fossils appear to be identical with those from Salt Lake, described
by Hall in Stansbury's Report. The succeeding series of rocks I have
not found it so easy to locate in the geological scale. They consist of ·
dull, purplish sandstones, with a series of thin layers of slate and clay,
gradually passing down into quartzites. The upper beds are nearly
all sandstones of various degrees of texture; some very fine and compact, others an aggregation of small worn particles of quartz; then a
complete pudding-stone, consisting of water-worn quartz pebbles set in
a silicious paste. As we proceeded toward the crest of the mountains, .
the sandstones are very clearly shown in the sides of the valleys of both
Black's Fork and Bear River. As these diminish in importance, the
quartzites increase until the beds of reddish and gray quartzites are very·
thick and massive, while the sandstones and slaty clays are thin and
unimportant, until we arrive at the main divide, where the rocks are
reddish quartzites alone. Between the east branch of Black's Fork and
the east branch of Bear River the ridge is not more than one hundred
to five hundred yards in width for a distance of three miles in a straight
line. In this distance are ten or twelve ridges of upheaval which both'
4G
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valleys cut at right angles.. Each ridge contains a massive bed of
quttrtzite, which in some cases rises to a great height, and between the
alternate ridges is a thin series of slates and sandstones, which, yielding
more readily to the atmospheric agents, have been worn away, forming a narrow depression or pass from one valley to the other.
At the head of the streams the rocks that form the divide seem to
have been elevated in a horizontal position, and they exhibit the most
remarkable architectural forms as cones, pyramids, castles, cathedrals,
&c. The strata are clearly shown, and are perfectly horizontal in most
cases, sometimes inclining slightly to the southwest. .Now here else in
the West have I ever seen rocks assuming these peculiar forms. The
scenery has an artificial appearance, so uniformly regular is the shape of
some of the pyramids. These rocks most effectually shut off all water
communication between the north and south side of the Uinta range.
The distance from the red-beds or triassic, including the carboniferous
limestones, to the crest of the mountains, I estimated at five miles in a
straight line, and the inclination varies from 40° to 75°. In all this
series of strata, from the red-beds to the oldest quartzites, I was able to
·detect no unconformabilitv. The connection of the sandstones with
'the carboniferous limestones was perfect, so far as could be ascertained
·by the eye, whatever may have beeri. the chasm in time. Not a trace of
·a fossil was found below the limestones, although I strongly suspect the
purplish sandstones to be of Lower Silurian age. The texture of the
·upper beds of sandstone is so much like the Potsdam sandstones, as
·may be observed in other portions of the Rocky Mountain region, I was
lead to suspect that the upper portion might be Lower Silurian. The section along the valley of Black's Fork is clear, inasmuch as the rocks are
cut through at right angles to the strata and they an present an unbroken
series from the oldest quartzites exposed to the carboniferous limestonets;
·and close to the oldest quartzites are thin beds of sandstone, apparently
unchanged or only partially so, and resembling in texture and color the
·upper sandstones, which I am inclined to regard as Silurian. I have
·estimated the entire thickness of stratified rocks exposed here at ten
thousand feet. If this is true, about eight thousand feet consist of the
sandstones and quartzites rising to an elevation of over twelve thousand
·feet above tide-water.
I am inclined to believe that the upper beds are Silurian, that they
:pass gradually down without any break in the sequence of time to
rocks of Hu~onian age. The purplish quartzites are almost precisely
like those which occur at the Sioux Falls in Dakota, and at the Pipe·stone quarry, in color and texture, which Professor Hall regards as
~ Huronian age. At any rate, I have never observed such a series of
rocks in any other portion of the West, and am inclined to think they
·are confined to the Uinta range. The Uinta Mountains are not far
asatch range, and apparently join on to that range ; yet I
·from the
·have passed through the Wasatch range at right angles at different
·points, and was able to discover no such series of strata. The precise
·or approximate age of these rocks is a very interesting problem to me,
·and I regret that my time will not permit me to make a more thorough
·examination of the range. A careful study of the southern slope, and
·the intermediate country southward into the Uinta basin, might afford
some clue to their age, but I suspect that there are no fossiliferous strata
·in the series.
As I have before stated, two of the main branches of Black's Fork
and Bear River take their rise in the axis of elevation at precisely the
·same point, run parallel for ~~~hout five or six miles and then diverge, the
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former running north toward Fort Bridger, the latter northwest. Both
have carved out for themselves wonderfully deep and picturesque \alLeys. They can hardly be called gorges or cafi.ons from the fact that
the sides are not usually vertical. In some places there are large semicircular indentations in the sides of the valley, caused by the sliding
down of masses of earth; and in looking down from the plateau above,
theeyemeets with beautiful lakes, surrounded by small groves of pine or aspen. In the sides of the valley the strata may be studied with great clearness, usually inclining at a greater or less angle. These valleys are largely
those of erosion, but not entirely so. The waters in former times have
cut through a vast thickness of strata at right angles, but a portion of
the way the valley lies between the ridges of upheaval, which I have
termed monoclinals. Some of the smaller branches start in the monoclinal intervals, and flexing around northward cut through the ridge at
right angles to the plains. In one instance a small branch of Black's
Fork starts between two ridges of carboniferous limestones, wears out a
valley eight hundred feet in depth and an eighth of a mile in width,
flows a little north of east into the main branch, which runs about due
north. At the same point commences a small hranch of Bear I~iver
between the same two ridges of limestone, and flows a little northof
west into one of the east branches of Bear River, although these two
small branches run in opposite directions. The ridge of separation is
not thirty feet above the principal valleys of Black's Fork and Bear
River. There is another interesting feature just here which should be
noticed. These small branches, four in number, completely isolate a
large fragment of the limestone ridge. It rises up in the form of a cone
eleven thousand feet above the sea, and seven hundred and fifty
feet above the valley at its base. 'The inclination of the limestones
is 450 to 500 northwest.
There are two important thoughts suggested by the study of this
upper belt. First, the amount of debris found by the broken fragments
of the sandstone and quart~tes is immense, beyond any instance I have
observed before. Not only the ridges, but also the sides of the deep
valleys, are covered to an unknown thickness with fragments of quartzite, sandstone, and limestone, of all sizes from that of a pea to several
cubical feet. Scattered over the surface of valley and ridges are also
great quantities of the same rocks in a more or less worn condition, and
the deposit of drift which extends up to the third belt, close to the
crest, and varies in thickness from a few feet to 1,000 or 1,200, is
composed to a great extent of these rocks. .Along the northern slope of
the ·Uinta Mountains, extending into the plains, these worn rocks cover
an area at least one hundred miles in length from east to west and fifty
from north to south. These stray masses are more worn, the further
we recede into the plains northward from the mountains. In the
region of Echo and Weber Creeks is a vast deposit of conglomerate,
probably three thousand to five thousand feet in thickness, the most remarkable group of rocks of that character I have ever seen on this continent. The question has often arisen in my mind from whence the
materials were derived. I cannot answer the question even yet, but
the debris of the Uinta 1\'Iountains, if transported to some lake basin,
would make a mass of conglomerate of equal thickness and cover
au equal area.
The second thought suggested is the apparently excellent illustration
of the gradual transition from unchanged to changed or metamorphic
rocks. \Ve have a thickness of about one thousand feet of carboniferous
limestones unchanged. Passing upward to the crest of the mountains,
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but downward in a geological sense, we observe a series of purplish sandstones and slates, perfectly conformable to the limestones, and app'lTently unchanged. These sandstones gradually pass to thick beds of
gray and purplish quartzites, which are exceedingly brittle in fracture,
and plainly metamorphosed by heat. Intercalated among the beds of
quartzite are thin layers of quartzitic sandstone and clay slate. As we
1)roceed toward the crest of the mountains, where the rocks have been
elevated from a great depth, the slates and sandstones become thinner
until they disappear. I am therefore inclined to regard this as aremarkable example of the gradual transition of unaltered into metamorphic rocks. It would seem also that the finer the texture of the
rock the more readily is it affected by metamorphic action.
On the morning of the 27th we descended from the high plateau into
the valley of the smaH side branches of the east fork of Bear River, with
the high, steeply inclined limestone ridge on the left, and the gray sandstone, and red argillaceous sandy clays on our left. The surface is so
covered with fragments of rocks that the traveling is difficult. Our
course was nearly due west for about three miles, when the valley :flexes to
the northwest. When we left our camp in the morning we were about
two miles above the source of this branch. At our noon camp the little
stream was two feet wide. For about ten or fifteen miles the stream
flows between ridges twelve hundred to fifteen hundred feet above the
valley, covered wiih pines and aspens, with no exposures of the underlying rocks. The same vast deposit of drift covers the valley and ridges
all over the drainage of Bear River. As soon as we come out into the
plains the valley expands to a width of several miles, and the tertiary
beds jut against the foot-hills with a slight inclination from the range.
Sulphur Creek is the most eastern part of Bear River, and rises in
Spruce Ridge, flows northwest, and empties into Bear River near Bear
l{i \_,.er City. On the east side of Sulphur Creek, about two miles north
of the railroad, there is a high ridge of sandstone one hundred to one
hundred and fifty feet high, with an inclination of 200 to 25o west to
northwest. It extends across the railroad a little east of north, and
joins on to a range of hills, of which Medicine Butte forms a part. On
the summit of this ridge is a layer of rusty brown arenaceous limestone,
composed largely of a species of Ostrea. This ridge is the first indication of cretaceous rocks I have seen in the vicinity of the Uinta range.
From Sulphur Creek to the " rim of the basin," a series of modern
tertiary beds are deposited unconformably upon the lower tertiary and
cretaceous, filling up all the inequalities of the surface, and jutting up
against the foot-hills of the Uintas. They are mostly horizontal in position, but sometimes dip 5°. · This most characteristic feature is the
light pinkish hue by which they are detected as far as the eye can reach.
In completing our section of the Uinta range and connecting it with
the formations of the plains, the only period wanting is the Jurassic,
no indication of which has been observed. The geologieal features of
this region will be discussed more fully in'.:t succeeding chapter, in connection with the belt of country along the line of, and contiguous to, the
Union Pacific Railroad. The study of the Uinta range has been full of
interest. It has been sometimes called the Alpine Mountain of America,
though we miss the vast masses of snow and the glaciers; butin an artistic
sense, no range that I have ever seen on this continent can compare
with it in beauty. There is a far more rugged grandeur about the Wind
River, the Sierra Nevada, or the Coast ranges; but in none of them is
there such simplicity of structure, nor the contrasts so pleasing to the
eye.
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.As I have before stated, there seem to be three belts or zones of country
whichonepassesoverintravelingsouthwarufromFortBridgertothecrest
of the Uintas. 1. The modern tertiary formations which jut up against the
foot-hills, and are so denuded as to present to the eye an arid, naked appearance. We then pass suddenly to the second belt, which we ascend by a continued but almost uninterrupted ascent to an elevation of over eleven
thousand feet. The lower portion of this zone is covered to a greater
or less extent with groves of aspen, mingled with the spruce and pine .
.As we ascend the aspens cease and the pines become more dense. Here
and there we find most beautiful meadow-like openings, with springs of
water and a luxuriant growth of grass. Some of these meadows occupy two
thousand acres. Looking down from some high peak across the belt,
these openings meet the eye continually, and contrast most beautifully
by the tawny color of their autumn dress with the dark, sombre foliage of
the pines. The great luxuriance of the vegetation reveals the fertility
of the soil. The third belt, which forms the crest, contrasts again by the
almost entire absence of vegetation or water and the excessive ruggedness of the surface. In no other portion of our continent have I ever
seen such types of scenery. Cones, pyramids, domes, and cathedrals,
sometimes as sharply cut as if they had been wrought by art, occur at
the sources of all the streams that ri8e in the anticlinal fissure.
The height of Gilbert's Peak, at the head of Henry's Fork? was ascertained by Mr. Beaman, with the barometer, to be 13,182 feet. Cox's
Peak, at the head the middle branch of Black's Fork, rises like an immense dome above the surrounding country, 13,250 feet above tide-water.
Dawe's Peak, on the dividing ridge between the west branch of
Black's Fork and the east branch of Bear River, sends its sharp conelike summit still higher, 13,300 feet. Logan's Peak marks the source of
the middle branch of Bear River and is 13,250 feet above tide-water.
.All these are covered to a greater or less extent with perpetual snow.
From a higher ridge that extends :(rom the crest on the west side of the
Uinta range there is one peak still loftier than any of those named,
which we estimated to be 13,500 feet.
Nearly all the important streams that flow from either side of the
range have their origin within a short distance of each other. From
the summit of any of these peaks we can see the sources of them all at
a glance. Looking at this range from the Union Pacific Railroad, or
from Fort Bridger, thirty-five to forty miles distant, there is a very great
difference in the clearness with which the summits can be seen at different
periods of the year and upon different days. Sometimes, as the earl;1
sunlight falls upon them, they appear so near, through the clear atmosphere of this region, that they seem almost within our grasp. Again
they are obscured with clouds or fog-and are so faintly visible that they
appear as a dim outline on the horizon.
An interesting feature in connection with this range is the limit of
arborescent vegetation. On the north side of the range we determined
the highest point, where low trailing shrubs grew, to be 10,769 feet,
.and estimated 10,500 feet as the limit of upright trees. .As we ascend
above this line the pines begin to dwindle until they trail upon the
ground, and exhibit all the symptoms of a desperate struggle for existence, and finally disappear entirely. .As we pass above the borders of
upright trees, the stunted pines gather in groups, sometimes not more
than four to six feet in height, forming the most unique but scraggy
forms. In one instance about twent.y of these trees formed a complete
circle, inclosing a clear space of about fifteen feet in diameter; the tops,
leaning toward the center, made a complete shelter. I gave it the some-
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what poetical name of the "Uinta's Bower." At the extreme limit the
groups of pines spread out along the ground, and always toward the
east, showing that the winds in these mountains are mostly from the
west. The pines and the aspens constituting nearly all the tree vegetation of the mountains, it becomes an interesting matter to determine
the highest limit of the growth of the latter also. Observations with
the barometer near the sources of the Muddy Creek showed the highest
limit at one point to be 9,623 feet; at another 9,302. Probably
au average of the two observations would be the correct one. There is
considerable variation in the extreme limits, on account of the difference in position in rela,tion to the sun. A southern exposure is most
favorable, and, in consequence, the limit is extended upward.
I will not close my description of this interesting region without a
word in regard to its future prospects. Judge Carter has introduced a
bill into Congress asking for a charter for the Fort Bridger and Uinta
.Mountain Railroad, extending from some point on the Union Pacific
Railroad, up the valley of Smith7s or Black's Forks, to some point toward
the sources of these streams. He al.so asks the very moderate grant of
the alternate sections of land for four miles on each side of the road. It
would be hardly possible for Congress to refuse a request which would
be of such inestimable value to this portion of the country. Besides, it
would bring into market eventually at least one hundred thousand acres of
agricultural, grazing, and timber land for the Government, which would
otherwise remain undeveloped for an indefinite period of time. In the
valleys of Smith's and Black's Forks and their branches are thousands of
acres of very fertile land, which could not fail to be occupied by the
farmer; and all the intervening plateaus, comprising many thousands of
acres of equally fertile soil, could be made fruitful by irrigation. lly
means of this railroad the vast quantities of timber and wood that
cover the slope of the mountains would be accessible. Millions of feet of
timber could be obtained for the Union Pacific Railroad at a trifling cost.
The deficiency of wood for fuel over so great a portion of this country could
be abundantly supplied from this source. As a summer resort for invalids, or those desiring rest from laborious duties, these mountains
cannot be surpassed. Pure, clear, exhilarating atmosphere, ever-flowing
springs of water, streams filled with fine trout, the woods stocked with
all kinds of game, the most beautiful scenery in America, and the most
accessible, offer attractions for all, and I am convinced that the time is
not far distant when this country will be visited by thousands of seekers of health and pleasure. To the artist it would open a new world of
beauty, supplying a variety and abundance of material for landscape
studies which can be found in no other portion of the West.

CHAPTER V.
FROM FORT BRIDGER TO UINTA MOUNTAINS, HENRY'S FORK, GREEN RIVER,
AND BROWN'S HOLE, TO GREEN RIVER STATION ON THE U. P.R. R.

On the morning of October 1st we left the hospitable post of Fort
Bridger for the valley of Henry's Fork, about twenty-five miles to the
southward. The principal portion of our party had remained near the
fort since September 12, making repairs and recruiting our animals. In
the meantime we had made most interesting explorations of the Uinta
llountains, the valleys of Smith's, Black's, and Bear Rivers, with their
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tributaries. W c had obtained a pretty clear idea of the geolog:v of the
north slope of the Uintas and a part of the shore line of the Bridger
basin and this gave us an earnest desire to trace it to Green River, to
ascertain its connection with the "Green River beds," and the lignite or
lower tertiaries. I take great pleasure in acknowledging here my great
obligations to Lieutenant Shepard, the quartermaster of Fort Bridger,
for numerous courtesies and fa-vors which were indispensable to us, and
which, in a country like this, money will not purchase. :H'.rom Captain
Clift, the commanding officer, and Dr. J. K. Corson, the surgeon of the
post, myself and party were the recipients of many kindnesses. I have
already spoken of my obligations to Judge Carter, to whom I was indebted
for many favors and much valuable information. To him this portion of
the 'Vest has been in the past, and will be in the future, more indebted
for its prosperity and development than to all others. I take pleasure
here in adding my testimony to the fidelity and truthfulness of his statements in regard to its resources.
Fort Bridger is quite pleasantly located in what appears to the eye a
sort of basin inclosed by high, arid table lands, but really in a central
portion of the drainage of Black's Fork. These beautiful valleys, Smith's,
Black's, and :l\Iuddy, have been carved out the horizontal strata, and between the streams are terraces and flat table lands which give a singular
as well as instructive outline to the surface of the country. No forces
now in operation in this vicinity could have given the existing features to
the surface of the country, and the cause must have been local, proceeuing from the northern slope of the Uintas. The beautiful table-top
divides between the valleys and streams are extensions into the plains of
the radiating ridges of the mountain slope, and are literally paved, in
many places, with the water-worn boulders of the purplish sandstones and
quartzites, and with the carboniferous limestones that compose the nucleus
of the Uinta range. Here and there we can see a fiat-topped butte cut
off by erosion from some of the intervening ridges and rising above the
surrounding country as a partial witness to the extent of the denudation. A little south of west of Port Bridger is an isolated butte called
Bridger's Butte, which forms a prominent landmark to the traveler,
and according to the barometer, rises seven hundred and fifty feet
above the valley of Black's Fork at the fort. The summit appears perfectly level, and was estimated to be about two miles in length from
north to south, and about a fourth of a mile in width from east to west.
The upper portion of the butte is composed of the somber brown indurated arenaceous clays, grey and rusty brown sandstones of the
Bridger group, passing down into limestones and marls of the Green
River beds. In the brown clays are abundant remains of turtles, with a
few fragrnen ts of other vertebrate remains. The terraces along the
valley of Black's Fork are composed of yellowish and whitish-gray marls
and chalky limestones, some of the layers mostly formed of Unios and
other fresh-water shells. A few plants were found in the valley of
Smith's Pork, in thin, black flinty layers, mostly ferns and leaves of
deciduous trees. Between Fort Bridger and Henry's Fork the indurated
arenaceous clays of the Bridger group are weathered into remarkably
unique forms. The absence of harder layers of sandstone did not admit of
the weathering into pinnacles, turrets, steeples, domes, &c., as we obserYe
near Church Buttes. The surface, though very rugged and almost impassable except along the valleys of the streams, is much more rounded ;
the hills are more dome or pyramid shaped, and entirely destitute or
Yegetation, except the sage and several varieties of chenopodiaceous
shrubs. As we passed up tlle Cottonwood Fork the marls and limestones
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made their appearance for a short distance in the bluffs. The divide between the drainage of Smith's Fork and Henry's Fork, is a high ridge of the
leaden-brown clays of the Bridger group, which extends up and juts
against the base of the Uinta Mountains. Passing over this divide we
descended quickly to the valley of Henry's Fork, and camped near the
point where it issues from the foot-hills of the Uinta Mountains, 29
miles southwest of Fort Bridger. This is a beautiful valley, quite broad,
a large portion being meadow, and the surrounding hills, especially on
the south side, covered with grass, rendering it a favorite place for years
past for procuring hay and grazing stock. Hundreds of tons of hay
have been cut and cured for winter use in this valley the present year.
The time cannot be far distant when it will be occupied by settlers from
its mouth nearly to its source. The view of the Uinta range from our
camp was as beautiful and inviting as from Fort Bridger.
On the morning of the 2d I started up the valley with a small packtrain. The geology did not differ materially from that of the portions of
the range already described. Up among the foot-hills is an isolated butte
about three hundred feet high, capped with the brown clays of the Bridger
group passing down into the calcareous layers of what I have termed
Green River beds, containing an abundance of turtle shells, with teeth,
jaws, and vertebra of some extinct mammal. These chalky limestones are
also filled with large Planorbis in a perfect state of preservation. These
beds along the flanks of the mountains have been slightly elevated or
carried up in the later stages of the elevation of the range. They
usually incline about 30 to 5°. The radiating ridge on the north side of
the valley is covered with land-slides, which show a heavy deposit of
reddish clays with narrow whitish bands, evidently a modern deposit,
pliocene or quarternary overlapping the well-defined tertiary beds.
These extend up a few miles and are again overlapped with the drift
deposit described in the preceding chapters; the same dense groves of
pines and aspens, the same open meadows, deep ravines, fallen timber, and
great quantities of rocks on the surface occur, rendering traveling exceedingly difficult, which we have before noted. We passed the ridge of limestone into the belt of sandstone, with the lofty piles of debris, gradually
ascending to the banks of perpetual snow, where. the pines dwindle down
and trail upon the ground. We rode our horses np to a point above the
limits of arborescent vegetation, toward them, to a point 12,265 feet above
the sea, and ascended to the summit of Gilbert's Peak.
We camped the night of the 3d in a beautiful open meadow, at the
sources of one of the branches of Henry's FoFk, 9,833 feet. The limestone or continuation of Photograph Hidge was 9,986 feet, while the
valley between the carboniferous limestone ridge and the inner purplish
sandstone ridge was found to be 9,453 feet. We found tlJat the extreme
limit of tree vegetation was higher here than farther west, 11,106 feet;
and the point where the upright trees break off rather abruptly was
about two hundred feet lower. As a general rule the trees dwindle in
height to about twenty or thirty feet and then fall off abruptly to the
trailing form, which usually extends up two hundred or three hundred
feet higher in straggling bunches or groups. From the summit of Gilbert's Peak with my excellent field-glass I could look far over the surrounding country and study the principal geological and geographical features
in their relations to each other. There are three main branches of
Henry's Fork that rise in the axis of the range. The east branch has
its source at the base of Gilbert's Peak on the northeast side and flows
nearly north for ten or fifteen miles. The middle branch rises on the
south side of the peak, flows west for a short distance, and bends around
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to the north. The west branch rises in the axis, runs parallel with the
middle branch, with a sharp narrow ridge between them. .All the
branches of all the streams that flow down the Uinta Mountains from the
quartzite belt cut the carboniferous limestone ridge at right angles on
their way to the plains. .At the southeast base rises one of the main
branches of the Uinta River, runs east for about three miles, flexes southward or a little west of south, and flows down the southern slope of the
range into the main Uinta. On the south side of this branch there is a
rather sharp ridge, with six or seven conical points rising one hundred
to two hundred feet higher than Gilbert's Peak, and culminating in a
rounded, dome-like peak, which I estimated to be 13,500 feet. .All the
valleys of the streams that rise around this peak are more purely valleys
of erosion than any I have seen in this range. The strata of Gilbert's
Peak and the ridges and peaks in the immediate vicinity are nearly
horizontal or incline southeast 4° or 5°. The principal peaks belong to
the southeastern side of the axis. The two sides of the anticlinal are
somewhat unequal. .A narrow belt, comprising the highest peaks and
ridges, with the curves, pyramids, and cones, seems to have been lifted
up by forces acting nearly vertical, but the strata incline slightly to the
southeast side, so that the streams that flow down the north slope of the
range really extend their valleys a little past the anticlinal opening. .At the
sources of Smith's, Black's, and Bear Rivers the strata incline from the
northwest side of this axis at a considerable angle. Here they incline
slightly for about five miles, when they clip 200 to 30o. I have no doubt
that these streams originated in this anticlinal opening, gradually cutting
their channels through the beds of quartzite and sandstone at right angles.
The quartzites as well as the sandstones are divided quite finely by
joints, so that they break readily into cubical masses of moderate size.
Besides they are very brittle, _fracturing easily, as is shown by the vast
amount of debris. Probably water accumulating in these fissures or joints
would cause the debris to fall down into the anticlinal valley and be
swept down the channels of the streams of the northern slope. This
process of wearing away the horizontal quartzites from the northwest
side of the southeast anticlinal has continued until some of the gorges
extend up half a mile to a mile beyond the axis. In the beds of the
branches of Henry's Fork the descent is by steps from one layer of quartzite to another down to the axis, like the horizontal layers of rock which
form the rapids in many of our streams. .At the present time there is
seldom any gTeat amount of water, in some cases none, above this axis;
sometimes there is a little lake, the accumulated waters of the melting
snows.
From this high elevation, with such a vast area of country within our
range of vision, one could glance back into the abyss of time, and trace,
step by step, the origin and slow erosion of these wonderful, gorge-like
valleys, one thousand to twelve hundred feet deep, and speculate upon
the beginning and growth of this beautiful mountain itself. The study
of the northern slope of the Uintas has been such a source of pleasure
and instruction, that I regretted my time would not permit me to examine the southern side also, but a glance over into the the Uinta Valley showed quite plainly that the southern side is nearly or quite the
counterpart of the other. In all these valleys are numerous small lakes~
which add greatly to their picturesque beauty. .At the base of Gilbert's
Peak, in the valley of the east branch of Henry's Fork, is one of the
most beautiful of these lakes, which reflects the peak and the surrounding- pines in its transparent waters. Mr. Jackson succeeded in catching
a view of the peak and the lake, with the shadows, with his camera.
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On account of its exceeding beaut)T and poetic surroundings, I have
called it Lake "Annie." The barometer makes its elevation just 11,000
feet. This shows that the summit of the Peak is twenty-one hundred feet above the base at the head of this valley. We descended
with great difficulty a sort of ravine on the steep sides of this valley to
the bottoms, and followed the little stream from its source at the base
of the peak to its junction with the main fork in the plains. As I have
stated above, the strata of the peak are nearly horizontal, and for several miles down the valley the sides are six hundred to eight hundred
feet high and nearly vertical, with the strata inclining at a very small
angle. The bottom of the valley is full of the evidences of huge slides.
Immense masses of rock seem to fall down gradually, something like
the movement of a glacier, a certain distance each year, until they reach
the channel of the stream, and the debris is swept down by the spring
floods. Large semicircular notches in the sides or walls of the valley
show most plainly how it has been enlarged in process of time. We
passed on our way down the valley through a dense growth of pines
and aspens, over boulders and among fallen timber, for about ten miles,
when we passed through the gorge of Photograph Ridge, and came
out into the wide, grassy, open foot-hills which led to our camp in the
main valley of Henry's Fork, in the plains.
October 4.-We started down the valley of Henry's Fork to its junction with Green River. I have previously mentioned the ridge or divide
between Smith's and Henry's Forks, which carries the tertiary beds up
against, the foot-hills of the range. From this ridge to Green River the
valley of Henry's Fork forms a remarkable line of separation between
the Bridger group and the lower miocene beds. This line of separation
is somewhat of a surface one, yet it is so marked as to attract the attention of the commonest observer. The valley is quite broad, and on the
south side the surface of the country to the summits of the mountains
appear smoothed downward, in part grassed over. A close examination will detect some thin remnants of the Bridger group, underlaid by
the lower tertiary beds, which have a tendency to weather into rounded,
gently-sloping hills. On the north side, the arid, rugged, "bad lands"
are very conspicuous, and rise up somewhat abruptly like a high wall.
On the north side of the creek, there is a great thickness of the indurated
clays which I have included in the Bridger group. All the divisions
that I make are somewhat arbitrary. I can find no well-defined line of
demarkation. There seems to be no unconformability, and the different beds pass from one to the other gradually; but to the leaden-gray,
sombre, indurated arenaceous clays which cover a large area east of
Fort Bridger. and weather into such unique architectual forms, and contain a large variety of vertebrate remains, I have given the provisional
name of the "Bridger group." These beds I shall also regard as upper
miocene, and the calcareous layers which underlie the Bridger group
are .so well displayed lower down on Henry's :Fork that I regard them
as a portion of the Green River group and lower miocene. Below all
these beds, is an immense thickness of sandstone and clays, which I
group together as eocene, extenuing down to the cretaceous clays.
Iutercalated with the clays of the Bridger group are beds of rusty-browu
and gray sandstones, all tending to a concretionary struct.ure, and disintegrating by exfoliation in thiu concentric layers. Sometimes there
are beds of sandstone which form an aggregate of concretions. In the
whole mass, arenaceous materials predominate. As we descend, the calcareous sediments prevail, until chalky limestones and marl are greatly
in excess. The lower miocene beds are also of a lighter color. By the
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barometer the highest point on the north side of the creek is 8,583 feet.
Our camp at the base near the creek is 7,615 feet, so that we have avertical-thickness of the tertiary beds of oYer one thousand feet. On the
summit of the hill is a large accumulation of drift material, cemented with
a calcareous cement into a coarse conglomerate. It is composed mostly of
the sandstones, quartzites, and carboniferous limestones from the Uinta
Mountains. These conglomerates are two hundred to two hundred and
:fifty feet in thickness, and are weathered into columns, sharp-pointed
peaks, domes, &c., much like the conglomerates in Echo Canon.
The summit of this high wall is a sort of table lan<l co-vered with a
deposit of fine reddish sand, plainly derived by erosion from the sandstones and quartzites of the Uintas. The surface is covered with grass,
and slopes gently northward for several miles. From this high point I
could comprehend to some extent the tremendous erosive forces that
had been in operation here at a comparatively modern date. All the
tertiary beds probably once extended uninterruptedly across the valley of Henry's Fork and jutted up against the sides of the Uinta range,
and this immense deposit of conglomerate which caps the summit
passed across and connected with the drift materials high up on the
radiating ridges. It is an interesting fact that if we make a careful
examination of the country we shall always find some remnants of the
formations that may have existed, however great the erosion may have
been. They seem to be left as monuments to aid us in reconstructing
the surface as it really existed at different periods of the past; and this
fact adds much to the charm of the study of the geology of the West.
There is a slight inclination of the beds, which shows that they partook
somewhat of the later movements of the mountains. As we descend,
following the stream, we pass below the leaden-gray indurated clays of
the Bridger group into a series of lighter-colored marls, with layers of
laminated chalky limestone. These marls and limestones are somewhat
arenaceous at first, but the sand diminishes and the lime increases in
the descent. All the beds assume a lighter and more cheerful color,
although there is some variety from rusty yellow to white. Henry~s
Fork flows about :fifteen miles from its source nearly north, when it
bends around a little north of east for about fortv-:five miles to its entrance into Green River. Most of the way it passes through a narrow
valley about one-quarter of a mile wide, with abrupt, wall-like terraces
on either side. These vary from eighty to one hundred and :fifty feet
in height. The bottom itself is quite pretty, covered with a thick
gro\\th of grass and large bitter cottonwoods. The grass in some places
is six. feet high and very thick. H-nndreds of tons of hay are procured
from this valle.y every season, and it is a favorite resort for herds of
cattle and sheep in the autumn and winter. The soil is as rich as any
in the West, being formed of the sands and clays of the Bridger group,
with the calcareous materials of the Green River beds, as well as contributions from the limestones and quartzites of the Uintas. The mixture seems to be suitable for the production of a luxuriant vegetation
under favorable circumstances.
At our camp, October 4th, the lower miocene beds rise up on the north
side of the creek to a height of four hundred to :five hundred feet. Near
tne base are layers of thinly -laminated slate, limestone, and some beds
or cherty limestones with plants. There are also several thin seams of
earthy lignite. There are several thin layers, especially near the lignite
seams, which vary from an inch to six inches in thickness, composed
mostly of small fresh-water shells, Mehinias and Unios. These layers of
shells continue nearly to the mouth of Henry's Fork, and masses of them
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are found in every ravine and creek. No experience of my own among
fresh-water shells of the present day has revealed them in such marvelous profusion as they must have existed in or near this great lake in
tertiary times. Intercalated in the marly layers are thin seams of :fibrous
calcite and selenite; some of the seams of calcite are three inches thick.
Three principal features appear in the rocks as we descend the creek:
1. A large increase of lime; 2. Silica in the form of black chert or flint;
3. The appearance of impure lignite. There are also petrified wood,
masses of stems of plants aggregated together, yet the beds are all
purely fresh-water. The style of weathering of the upper and lower
miocene is well contrasted by the character of the surface. The surface
occupied by both formations is equally arid and barren, but that of the
former is very rugged, forming what is usually termed "bad lands," while
that of the latter is more rounded and far less rugged. At the junction
of Henry's Fork with Green River the geological structure is very complicated and presents one of the most interesting studies I have met
with on the trip. At :first glance the formations seem to have been
thrown into utter chaos, but a careful examination shows the system of
formations to be more complete and consecutive than in any other portion of the West. The ridges of upheaval extend from the Uinta Range
across Green River, and seem to have almost entirely escaped erosion,
so that they are left for our examination nearly as they were thrown up
by the internal forces that elevated the Uinta Mountains.
All along the northern slope of the Uintas, from Bear River to Henry's Fork, I have sought for the absent members of the geological
series, and noted the evidences of erosions which are displayed on such
a stupendous scale. Not only are several members of the geological
series swept away, but also the surface is covered with an enormous deposit of drift. But not until we come to Green River can we
realize the vast extent of the erosion along the northern slope of the
Uintas.
About eight miles above the mouth of Henry's Fork the calcareous
layers gradually disappear or cap the summits of the hills, and
beds with a predominance of arenaceous sediments come in. Beds of
massive yellow and gray sandstones rise above the water level as we
descend, until they reach a great thickness, three hundred to five hundred feet. About four miles before reaching the mouth of the creek
the valley expands out on either side. On the north side the upper
portion of the bluff is a massive sandstone with a reddish tinge, inclining at an angle of 50 to 1oo, while at the base the layers seem to have
been pushed up abruptly, as if there was some degree of discordancy.
The same beds that dip at a small angle on the north side of the stream
incline 50o to 70o on the south side and extend southwest toward the foot
of the Uintas. Then comes an open area of about four miles, occupied by
rather soft beds of yellow and steel-gray indurated clays, which I have
regarded as of cretaceous age, although I did not discover a fossil in
them. On the south side of Henry's Fork, at its junction with Green
River, is a remarkable exhibition of the ridges or hog-backs, which rise,
ridge by ridge, to the distant summits of the quartzite nucleus of the
Uintas. The formations at :first sight seem to have been lifted up in
such a chaotic manner that I could not unravel any system for some time.
We followed the channel of Green River down among the canons, with
the walls on each side rising twelve hundred to :fifteen hundred feet,
but only triassic and carbonifero\lS rocks were seen. At last we found a
deep dry gorge which had been worn through the ridges, on the west
side of Green River, at right angles, thus exposing all the beds in their

GEOLOGICAL SURVEY OF THE TERRITORIES.

61

order of sequence, from the triassic to the cretaceous inclusive. In study.
ing the section from the north side, commencing with the open area,
which we supposed to be occupied with upper cretaceous clays, the first
ridge is a yellowish-gray sandstone, inclining 35° west-northwest.
2. A series of steel-gray slaty shales, (No.2 cretaceous section.) The
usual scales and other remains of fishes are abundant, fixing this bed
as positively lower cretaceous-one hundred and fifty feet in thickness.
3. The yellow-gray and gray sandstones of the lower cretaceous, (No.
1,) inclining 350, two hundred feet.
4. A series of layers of remarkably variegated clays, with one of the
layers of rusty sandstone.
5. A. bed of fine gray sandstone, weathering brown, four feet, passing
into clay, with a slight reddish tinge, inclining 30°. In these beds are
some thin layers of siliceous limestone, mostly made up of a species of
ribbed Terebrcttula, undoubtedly Jurassic, eighty feet.
6. Then comes about one hundred and fifty feet of alternate layers of
fine gray sandstone and yellow gray arenaceous clay, dipping 5oo.
Jurassic fossils abundant.
7. A singular-looking series of variegating clays, about fifty feet
thick, varying from a chalky white gray, ashen gray, light red, deep
I'ed, purple, in alternate bands; the colors giving a picturesque effect
to the eye. They weather into curious rounded ridges, inclining 65°.
8. A thick bed, two hundred feet; grayish sandstone, weathering
brown, inclining 40o.
9. A grassy interval, composed of soft beds, somewhat variegated,
with thin layers of limestone, with Terebratula, Ostrea, and other Jurassic
fossils. There is a considerable increase of lime in these beds. Just
over these marls is a thick bed of somewhat laminated limestone, with
fossils-fifty feet thick-dipping 26°. Above the limestone is another
series of sandstones, marls, and clays, fifty feet thick, with thin layers
of limestone, made up of Jurassic fossils. Then comes a series of sandstones, massive; a portion of them weathering with a reddish hue,
forming a ridge, wltich rises one thousand feet above the channel of
Henr;y's Fork, inclining 26°. Above this sandstone is a thin series,
fifty feet, of alternate layers of sandstone, limestone, and argillaceous
marls, with Terebrat·ula, Ostrea, and other Jurassic fossils. This I regard
as the upper line of the Jurassic beds.
10. The gray sandstone, weathering yellow, which form the upper
portion of the triassic ~·idges, is veiY thick and massive. It is exposed
here so as to be studied to the best advantage. I have never seen
finer illustrations of oblique layers of deposition. The sandstone shows
a vertical slice through it, one hundred feet or more, where all the irregularities are as perfect as possible. On the opposite side of the gorge
the sandstone has an interesting cave in the side, at least fifty feet in
every direction, and showing equally as clear the conditions of the deposition of the sediments. The cave is full of holes and crevices, which give
shelter to multitudes of bats and other animals. 1\'Iasses of their excrement project from the crevices, and sometimes run down the walls of the
cave. In many instances this black excrement of bats has been mistaken
for indications of petroleum. This cave has also been a favorite resort
for Indians, as is shown bJT the fires, the walls of stone laid up for defense, the chipped flints and arrow-heads scattered about, and the rude
images marked upon the walls. The sides of the ridge are very rugged
and picturesque, weathered into a variety of architectural forms. The
texture of the sandstone is quite soft, yielding readily ·to the atmosphere, and the valley is filled with loose sand. This ridge forms the di-
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viding line between the triassic and carboniferous beds. It rises to the
height of one thousand three hundred feet above the bed of Green
River, which runs along its western base. Below the sandstones, well
shown in the Green River canon, is a considerable thickness of the
brick-red arenaceous clays which I have so often described in former
reports as characteristic of the triassic period in other portions of the
West. These red beds pass down into a series of rather variegated arenaceous clays, with thin beds of sandstone and one or two beds of bluish
siliceous limestone. The river sometimes flows for a short distance between the ridges, inclining in the same direction, or, as I have termed it,
a monoclinal rift; then it cuts its way directly through a ridge, forming
a narrow channel, with high v-ertical walls on either side; then making
a flexure and taking a monoclinal valley again. I do not see that the
waters made any difference in tlteir course, whether they flow through a
valley originally prepared for them or cut their way through ridges at
right angles. The next ridge to the southwest of the triassic one is
composed of limestones and calcareous sandstones of carboniferous age.
These rocks in the aggregate really form but one of the ridges of upheaval, yet it iR separated into numerous fragments, but without any distinct and continuous valley of separation, as between it and the triassic
ridges. Then comes a series of ridges, of purplish sandstone and quartzites, reaching to the snow-covered axis of the range. The southwest abrupt face of the triassic ridges, at the entrance of Green River into the
canon, exhibits a remarkable example of the flexures of the layers, all
the triassic and Jurassic beds forming a bow or arch. Pictorial sections
were made of all the ridges, their surface, forms, inclination, and any
local peculiarities. These are intended to be engraved for the final
reports, and then my descriptions of this most interesting geological
region will become more clear. From the summit of the triassic ridge,
one thousand three hundred feet above the valley of Henry's Fork, we were
able to gather within the limits of our vision a most interesting group
of geological facts. This ridge is very tortuous in its outline, but its true
trend is about southwest and northeast, parallel with the axis of the Uinta
range. The angle or dip varies in different localities, but it is usually 200
to 30°. Taken at different points the strike of this ridge varies from east
to west by way of north. At the junction of Henry's Fork with Green
River the latter· stream flows nearly east, yet it passes through this
nearly at right angles. From the summit one can pass the eye over the
upturned edges of an almost endless series of ridges across a rugged
and picturesque surfctee. Far to the south the main range of the Uintas cuts off the view, while in the inter-val the ridges of sandstone and
quartzite, with the usual thick growth of pines, rise like steps to the
axis. Between the sandstones and the triassic ridge we look across
the steep, jagged ridges of carboniferous limestones, inclining at various
angles from 100 to 25o.
Not unfrequently, along the sides of the river where the channel passes
through the ridges at right angles, the strata reveal very graceful curves
or arches, as they pass down beneath the more recent beds. Looking
west we can see how these ridges connect with the Uinta J\:Iountains,
and that without doubt all the northern slope of the range from Bear
Rh;er was once as rugged and bristled with as sharp ridges as this portion
on Green River.
We thus have some standard by which to estimate the extent of the
erosion that must have occurred. The eye can run along the sandstone
and quartzite ridges, and connect them without interruption far west
toward tho Wasatch range. The ridge of carboniferous limestone which
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crosses Green River to the southeast, though interrupted from time to
time by portiom; swept a way, is plainly a portion of what we have called
Photograph Ridge all along the northern slope of the Uintas. The difference in the texture of the carboniferous rocks on Green River, and
those forming the high ridges on Black's Fork and Bear River, indicates
that the latter were partially changed by heat. The lofty triassic ridge
facing Green River, from which we take this extended view, reaches off
to the south of west, about :fifteen miles, in full size, when it is broken
into fragments and disappears on the surface. In descending the valley
of Henry's Fork, we noticed a high fragment of a ridge to the south,
rising about two thousand feet above the bed of the creek, which seems
to have been cut off from the north side of Photograph Ridge, but is
now so covered with drift that no sign of the basis rocks can be
detected. The upper portion is covered with a belt of dense pines, and
the remainder is smoothed down and covered with a good growth of
grass. It is a beautiful ridge to the eye, without a sharp or angular
point. I have no doubt that its nucleus is triassic. It is about :fifteen miles in length, and breaks off quite abruptly, when the welldefined triassic ridge commences and continues in ·a somewhat tortuous line across Green River near the mouth of Henry's Forie The
only other indications of this ridge are the rather faint traces of it on
Black's Fork and Bear River. The Jurassic and cretaceous ridges
extend westward only :five to ten miles, and disappear, not to be
seen again until we reach Bear River and beyond. Intermediate between the lower cretaceous ridges and the lower tertiary beds is a
broad, open, valley-like space, three to :five miles wide, which is occupied
by yellow and brown indurated clays. This valley-like space extends
from the base of the Uinta Mountains, across Henry's Fork near its
mouth, and over Green River in a southwest and northeast direction.
It would appear to have been a valley of denudation from forces having their origin in the Uintas. In this interval are numerous fragments
of ridges which must have been once continuous, and which arc now
left to show the vast amount of rocky material which has beeu swept
· away. Over the surface is a considerable thickness of drift, composed
of the well-worn boulders of sandstones, quartzites, and limestones
which undoubtedly came from the Uintas. Still farther to the west, are
the full series of miocene and tertiary beds, not less than three thousand
to five thousand feet in thickness, extending to Fort Bridger and beyond.
If we were to extend this tremendous development of the geological
formations from the quartzites to the tertiaries, as shown at Green River,
where they appear to have suffered comparatively little erosion, all along
the northern slope of the Uintas, far west to the Wasatch range, we
should be doubtless reconstructing the former conditions of the surface;
and we may thus form a dim conception of the tremendous erosiye forces
which have operated in this region. We may thus account for the vast
thickness of drift and immense quantities of stray boulders which are
scattered over the sides and foot-hills of the mountains far out into the
plains. The further these worn rocks are found from the mountains, the
smaller and more rounded they are, at once revealing the source from
whence they came.
On the morning of October 8 we left our camp at the mouth of Henry's
Fork taking a small pack-train for a three days' trip down the Green
River to Brown's Hole. Crossing Green River we followed an Indian
trail, which led us over the high ridge that forms the northern
wall of the broad valley or hole at the junction of Henry's Fork with
Green Riyer. The general course of the ridge for the :first thirty miles
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is about east to the lower end of Brown's Hole, where it seems to bend off
south of east. After crossing this high triassic ridge our course was neary
east, parallel with the river on the north side, thus passing diagonally
across the different formations. We soon have on our left hand a fragment of the purplish sandstone, and outside of that a high ridge of
carboniferous limestones, rising six hundred feet, and inclining 45o,
with a trend about southwest and northeast. On our right were the
ridges of the purplish sandstones and quartzites, rising step by step to
the axis of the mountains, where the strata appear nearly horizontal, as
at the source of Henry's Fork. Stunted cedars are quite thick upon
the mountain sides, and for the first time this season we met with the
"Pinon," (Pinus edulis,) or nut-pine, so common in N·ew Mexico. The
trail was a rugged one, leading over broken rocks, and up and down
precipitous hills.
Brown's Hole is an expansion of the valley of Green River, and is
about five miles wide and thirty in length: Just before reaching the main
valley there is a small expansion called Little Brown~s Hole. These are
names given to these localities by the old trappers, forty years ago or
more. Far north, in the mountains at the sources of the Columbia, are
beautiful valleys of a similar character, called Pierre's Hole, Jackson's
Hole, &c. These were all favorite wintering places for the trappers.
But little snow fall in them, and they are so surrounded by high mountains that the bleak winds of winter can not reach them. Brown's Hole
has been a favorite locality for wintering stock for many years, and the
day we visited it, twenty-two hundred head of Texas cattle were driven
into it from the east, to remain during the winter, and destined for the
California market in the spring. It is covered with wild sage and chenopodiaceous shrubs, with scattered bunch-grass. A small number of
cattle or horses could find abundant food for winter, but so large a
number as were in it at the time we visited it must consume all the
grass in a few weeks. The strata of red quartzite are distinctly shown
on each side of the valley. It would appear that there had been
originally a sort of monoclinal opening, the beds on the north side dipping northwest 200 to 3oo. They present their upturned edges, therefore, to the valley, and here and there beds of gneiss and white quartz
have been thrust up, sometimes to a great height, so that the sides of
the mountains have a somewhat variegated appearance. At first glance
I supposed some of the modern tertiary beds had been lifted high on
the sides. On the south side of the valley the quartzites dip gently
down to the eastern end of the wall, and apparently pass under the modern
tertiary beds. In the process of erosion the waters have cut diagonally
across the sides of the quartzite beds, so that they appear somewhat like
the opposite side of the anticlinal; but I am convinced that it is an
inner ridge, inclining originally in the same direction, and extended over
a portion of the south side of the valley.
The gorge from which the Green River issues, near the mouth of Vermillion Creek, is very beautiful. The waters have cut a channel directly
through the rocks, showing the la.vers most perfectly on each side, inclining at a moderate angle. 1\ir. Jackson was very fortunate in securing
an excellent photograph of this calion, which will express its geological
characters perfectly. In this valley there is an extensive modern deposit, which I suppose to be of pliocene age. It is composed of beds of
fine sand or very friable sandstone, light gray, yellowish gray, with
brown sandstone in thin lamin::e, &c. The whole deposit seems to be
sand, with some mixture of clay, and weathering in the usual style of
these deposits into rounded hills wit;h deeply and regularly-furrowed
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sicles or "bad lands," as the surface is usna11y called. On the summit is
a thick bed of coup;lomerate. composed of the rocks of the mountains.
purplish sandstones, quartzites, carboniferous limestones, and quartz.
roward the upper end of the valley this drift conglomerate is one hundred and fifty to two hundred feet thick, and becomes thinner as wo
descend .
..-Uong the uortu side of the valley this drift deposit is quite thick all
the \Yay down, but it is scarcely seen in the immediate vicinity of the
rhTcr. The tertiary beds jnt up against the sides of the mountains,
slightly elcn1.ted and inclining 30 to 5o. They were borne up to some
extent during the later movements of the internal forces that elevated
the mountains.
On the south side there are remnants of the tertiary beds, apparently
perfectly horizontal. I have estimated these modern tertiary deposits
to be six hundred to eight hundred feet in thickness. It is probable
that Drown's HoloJormed a sort of "bay," into which the waters of the
tertiary lake to the west and southwest set up. These modern deposits
are not uncommon among the mountain valleys. The .Arkansas marls,
in the valley of the .Arkansas, similar deposits in the l\Iiddle Park, in
the mountain valleys at the source of the 1\lissouri, in Salt Lake basin,
&c., arc all, doubtless, of similar character and orjgin.
At one poiut on the north siue of the valley, close to the base of the
mountains, these beds are weathered into unusually beautiful architectural formH, like tho ruins of pyramids, &c. They are usua11y smoothed
off on the upper surface into table lands, but this one locality will strike
the eye of the traveler at once as a style of weathering of unusual
beauty and regularity. There is but little timber along the immediate
valley of Green HhTer-only a few bi~ter cottonwoods and willows; but
on the hills there is a thick growth of the 10\v piiion and. cedars. In the
mountains above, as well as in the valley, there is a universal growth of
the sage, (ilrtemisia tddentata,) greasewoocl, (Sarcobatus -vennicularis,)
and Linosyris. The sage grows to the height of eight and ten feet, and i ·
sometimes six inches in diameter. There were some remarkable clumps
of the Rkus trilobata, ten to twelve feet high, growing o\er the Green
River bottom8.
On our return we passed out of Brown's Hole by way of the Henry's
Fork road, as it is called in this country, which leu us up the calion of
Red Creek. Here we have the largest display of whitish quartz that I
have ever seen in the West. The sides of the calion rise up eight hundred
feet or more, massive quartz. At the entrance, one side of the calion
presents the appearance of a cathedral. This style of weathering, for
qum-tz, is unique. 'l"here is here an outburst of old trap, and some
beds of gneiss. There are also layers of true mica schists. The inclination i~ 60° to 750 northwest. The first quartz, gneiss, and trap that
I have seen in ·counection with the Uinta .1\lountains occur at Brown's
Hole, in this portion of the range. The Hed Creek seems to wind its
very tortuous way among the monoclinal rifts for about five miles, where
the mountains cease abruptly.
As we pass up the Hed Calion the sides rise to the height of eight
hundred to one tlwusaml feet, composed of white quartz, with a remarkable .numb<'T of intrusions of trap. The igneous matter has protruded
itself into every opening or fissure, in every possible direction, sometimes between the strata and sometimes across them, in thin layers or
in huge, branching masses. .Most of the way for a distance of five miles
these high, neatly vertical sides were spotted with the black trap, contrasting with the white quartz. Nowhere else have I ever seen such
5 G
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clear, well-marked exhibitions of tlw trap protrusion~, and they deserved
a much longer study than I could giYc them. I l>elim·e t.hat this igneous material was protruded among the quartz beds prior to their upheaval. At the entrance of Red Calion Creek from Brown's ilole the
elevation i8 G,SD7 feet, and very nearly the highest point of the range was
8,073 feet, am.l the bottom of Green River, about ten miles l>~lo\\, was
5,175 feet; so that by these eleYations 're may estimate approximately
the heights of these mountains above the surrounding country.
As we emerged from the Red Creek Cailou, we came out into a sort
of. semicircular area, occupied by yellow-brown clays. the same as those
oecuning in a similar locality at the mouth of Ileury's Forie The northeast si<le of this quartz range is very abrupt, and no rocks appear to be
exposed between the quartz rocks and the cretaceous. Ucd Creek runs
through the widest portion of this semicircular area, about two miles on
the south side. The ridges of cretaceous and tertiary soon close np
against the sides of the mountains, and about fo r miles up a little
branch of Red Creek, which flows parallel with the range between the
ridges, the same beds jut up against the range in the same manner. The
southeast wall of this semicircle is formed by a massive bed of tertiary
(lower) sandstones, one hundred to one hundred and fifty feet thick,
south of the Hod Creek, dipping about 10°. The soft clays are shown
under the sandstones for thirty to fifty feet in thicl~ness.
As far as the eye could reach from the summit of the highest mountains these ridges of tertiary extend off ridge after ridge, each one
inclining at a moderate angle, and having au open valley or space
between, which seems to be composed of soft beds. We have, therefore,
the cretaceous clays occupying the first open semicircular space; this is
walled in by a ridge of lower tertiary sandstone one hundred and fifty
to two hunclred,feet, inclining northeast 100 to l.J 0 ; then au interval of
a quarter .of a mile, which is occupied by variegated clays, w·ith thin
layers of soft ~:;andstone. The whole weathers smoothly and is covered
with grass. The next ridge is composed of sandstones, pudding-stones,
and conglomerates, rising two lmndred to two lmiH1red. and fifty feet,
incliuiug 100. The rocks of this ridge have a ret1dish tinge and remind
one of the conglomerates and sandstones of Eebo Calion.
I find it difficult to account for this tremendous development of quartz
with gneiss at the eastern end of the Uinta range. The white quartz
beds rise abruptly from beneath the red quartzites, occupying a belt fi\'e
to nine miles in width, and end as abruptly as they commence. I do
not knO\v why they should appear at this locality, when further to the
west, at the sources of Black's Fork and Bear Hivm\ where the rocks
rise to au elevation of over 13,000 feet, no trace of them can be seen.
llere the red quartzites and the \Vhite quartz beds seem to conform, and
on the side fronting Brown's llole the red quartzites present an enormous thickness. On the summit, toward the outer portion of the white
quartz belt, there is only a thin remnant remaining. I could not spare
the time to study this portion of the range to my satisfaction, but I am
inclined to believe that the immense thickness of q nartz was thrust up
beneath the red quartzites, carryiug the latter so high up tllat they
have been swept away by erosion, except the remnant now remaining.
"\Vhen we passed O\Ter the high ridges on our way to Brown's Hole
from lleury's Fork we spoke of a high carboniferous limestone ridge on
our left or north side. 'fhis extends down the river about five miles
and juts up against the quartz ridges and disappears. Belmv this
point there is a space of ten miles or more, where all the formations from
the cretaceous to the quartzite~, inclushTe, seem to have been swept
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away, and as I baYe previously stated, the cretaceous clays jut up
"'gainst the si<les of the quartz ridges. Tbe geology of this portion
of the Uinta range is \ery complicated and interesting. To have solved.
the problem t;o my entire satisfaction \ronld base required ~t week or
two. To understand the whole structure clearly my cxamiu:1tions
should Lave been extended to Bear RiYer and bevond. I have no doubt
that after a little inten-al these quartz ridges connect ·with the range
of mountains south of the Vermillion Creek.
Green River cuts a channel through the eastern end of the Uinta :Momltains diagonally. At the upper end the unchanged rocks only lie ou the
east side of the river, but before reaching Brown's Hole the river cuts
through the great thickness of the red quartzites. vVe thus haYe here a
most interesting semi-quaqunsersal, on a large seale, including within it
several smaller ones. South of llenry;s Fork, and east of Green Hiver,
the principal ridges incliue to the northwest. They gradually flex around
until at Red Ureek tlwy dip to the· northeast, thus forming nearly a
semicircle from west to east by way of north.
Hed Creek passes directly through one small semicircle or semi-quaqnaversal, the general dip of which is northeast. Bach end bends
around so as to jut up against the mountains. At the head of the little
branch that flows into Heel Creek from the north, between the massiYe
ridg-es of brown tertiary sandstones and the quarb lJeds, there is a singular
feature, which is an apparent non-couformity-for about four miles np
the stream, on the left or east side rising at first one hundred and fifty
to two hundred feet, a..nd dipping about 10°. As we approach the head
of the bench, this ridg~ slopes down to the valley and apparently passes
bene;;tth the softer beds. At this point commences a series of nearJy
vertical ridges trending to northwest, and growing thicker and thicker
until the lower and middle tertiary ridges are included. The distauce
between the northern end of the ridge, dipping 10°, and the south end
of the same ridge, holuing a vertical position, and in some cases passing
a verticall0°, is not more than one hundred yards. There is a similar
illustratiml about five miles up the valley of Henry's Fork. On the north
side of the Creek the beds dip at a small angle. while on tlle oppo::-;ite
side they extend up to the westward, inclining at an angle of Goo to 7so.
On the high ridges at the head of the little branch of Red Creek, I found
in a rusty sandstone impressions of deciduous leaves, among them a Platctmts j also a species of poplar, and a Sabal, the same species probably
which occurs in the coal-bearing beds near Point of Rocks, on the Union
Pacific Railroad. There are also some thin seams of coal here, but the
indications of coal are nowhere very marked in the vicinity of this portion of Green River. On the east side of Green RiYer, opposite the
mouth of Henry's Fork, there is another fine example of a series of semicircular ridges on a small scale. At this poiut all the formations from the
quartzite nucleus of the Uinta range, far to the northward until the
middle tertiary beds become horizontal, follow each other in perfect order
of sequence. The a.ngle, of inclination varies much, but the change is so
gradual, and the ridges follow each other with such regularity, that no
want of conformity can be detected. The geological structure of this
portion of the Green River country is very complicated, but interesting. I have already shown that memberta of all tlle formations of the
geological scale, known to exist in this portion of the West, are hu·gely
developed here; that the erosion has been so slight, comparatively, tllat
they are all turned up to the scrutiny of the geologist.
Before leaving this portion of the country I will say a word in
regard to its supposed mineral resources. So far as the physi·
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cal evidence is concerned the practical miner would pronounce the
quartz r.ange of Green RiYer one of the richest localities for gold and
silver in the vVest. About a year ago a large number of men prospected
it with the usual enthusiasm, but most of them returned disappointed.
At the present time a few miners are exploring the range near Vermillion
Creek with some success. The following lodes have been located near
Vermillion Creek, in wbat is called the Brown's Hole district:
1. "Lone Star Lode," twenty-five feet wide. Both walls composed
of gneiss. Dip 750, strike north of west, or nearly northwest and southeast. 2. "Bull of the vVoods." South wall well defined. Crevice
twelve inches wi<le on the surface, increasing to three feet as the shaft
was sunk twenty feet. 3. " Miner's Glory." Neither wall known.
Crevice six feet wide at present. 4. "Green Oil Lode." South wall
well defined, six feet wide. An analysis of some of the ore from one
of the lodes showed the existence of $12 in silver, and $1 50 in gold.
That there is enough of the precious metals here to attract the miners
for a time, there seems to be rio doubt; but my impression is that they
will never prove rich enough to reward the expenditure of much labor
or capital. Still, onljTthe most superficial examinations have been made
up to this time, and the future may show richer developments.
Although the tertiary beds are so well exposed in the vicinity of this
portion of Green River, there are very few indications of coal, and these
are. quite obscure. On a branch of Red Creek are two or three seams
of dark clay or carbonaceous shale, which might lead to thin beds of
coal, but no marked signs, as are seen along the railroad at Rock
Springs, Point of Rocks, &c.
October 11.-We left Henry's Fork for Green River Station, on the
Union Pacific Railroad. It had been our intention to cross the country
on the east side of Green River to the head of Bitter Creek, but the reports
of its extreme ruggedness and the lateness of the season prevented us.
We concluded that it would be safer to take our teams over a well-traveled road, on the west side of Green River, which led us to the old stage
road near Bryan. As we ascend the hills on the west side of Green River
from our camp on Henry's Fork, we pass over the outcropping edges of
the tertiary beds, forming a splendid section. The lower hills, which rise
in terraces and are underlaid. with dark brown clays, I believe to be of
upper cretaceous age, though I was unable to :find a single fossil in them.
This opinion is strengthened by the fact that the first upheaved ridges
south of Henry's Fork, which must lie geologically directly under these
clays, is plainly lower cretaceous. The :first hard bed above the cretaceous clays is a rusty yellow sandstone, then comes a series of alternate
beds of drab-brown indurated clay, with thin beds of rusty-brown sandstone; some of the rocks slightly calcareous, inclining at an angle of
600 to 75o, and extending across Green River, with a trend east and
west. The sandstones vary in thickness from a few inches to several feet,
while the elays vary from a few feet to :fifty or one hundredfeetin thickness. Then come beds of massive sandstones, reddish-gray, with sea,ms
of clay between, one hundred and fifty feet thick; then a light-gray, finegrained, massive sandstone, weathering by exfoliation-fifty feet; then
a harder bed of iron-rust-yellow sandstone, projecting above the other
rocks, with a tendency to a concretionary structure, and weathering into
grotesque forms-with cavities one hundred feet; then a series of thin
beds of yellow drab sandstones, with a reddish layer, with partings of
clay. These sandstones, as they stretch across the country, present a
marked banded appearance. All these beds incline at various angles
at different localities. Here they are nearly vertical, but on the east
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side of Green River the same beds incline at an angle of 150 to 200.
The series of beds abo\e described are plainly lower tertiary, and are
separated from a succeeding series by a valley about one-fourth of a
mile in width. On the border of this -valle,y, some of the upper beds of
this first series incline past a perpendicular 45°. 'I'hi~ e 'cessive dip is
not uncommon among all the stratified rocks in the Yieinity of the mountain ranges, but I suspect it is confined to the surface, and that some distance in the earth the beds haYe their normal dip. I was nnn ble to find
any fossils in this series of beds, nor any indications of coal. Crossing the
valley we come to a second series of variegated sandstones, mostly yellow and rusty brown, standing nearly vertical with the same strikt• as
the first series, and about fiye miles up Henry's Fork. This interesting
-valle.}~ is filled up with beds which show a perfect conformity. The first
bed is a yellow-brown, rather fine-grained sandstone, dipping 75o, a little west of north. Then comes a series of yeUo"T alHllight-gray arenaceous or marly clays, with bods of yellow-brown and light-gray sandston~s projecting somewhat above the surface. Altenwtingwith these
layers of sandstone, are quite thick beds of pudding-stone and conglomerate, eomposed of rounded pebbles of all tho older formations. But
what surprised me most \YCre the large masses of purplish sandstones
and quartzites, and the carboniferous limestones, sometimes forming the
greater portion of thiek beds of the conglomerate, four feet in diameter,
somewhat worn, evidently derived from the nucleus of tho Uinta
l\Iountains. These conglomerate beds arc intercalated amoug the ~and
stones through three hundred or four hundred feet in t1J.ich1 ess, alHl
arc probably of upper eocene age. Abo,Te them are at lea st ih·e hundred
feet of sandstones, whieh ha\e a dimiuished dip 200 to :Joo, ml(l tlu•n
pass up into the calcareous layers of the middle tertiary or Green Hi n'r
group. We thus see that the aqueous forces that deposited the sediments of the upper eocene beds were brought to bear on the summitR of
the Uintas, and we can form some conception of the vast period of
time they have been su"Qjected to erosion. Since that time all the middle and tertiary beds, comprising many thousands of feet of strata, luwe
been deposited in this region. At the base of this second series of sandstones is a thin bed. of carbonaceous clay, and aboye and below it are
layers of sandstone a foot thick or more, composed almost \vholly of
jj[elanias, Paludinas, and Unios, witb some reptilian remai11s. "\Ye thus
reach a point downward wllere we can decide that the waters iu which
these sediments were deposited were purely fresh-w~tter. Gree,n HiYer
flows between high -vertical walls of these beds, and the opportunity to
follow them, step by step in their order of sequence, is excellent.
We pass gradually up to the Green River beds, where lime forms a
large constituent. A.bout two miles north of Henry's Fork the strata
become nearly horizontal, and continue so far up Green River toward
its source.
As we pass over the uplands on our way north ward toward the railroad,
we have on our left hand or west side a long, high, broken ridge of tho
brown indurated clays of the Bridger group, three hundred to four hundred feet high, which seems at the present time to form the eastern limit
of this group. That it continued eastward at one time, perlJaps far across
Green HiYer, I have no doubt, because remnants of it are seen high up
near tho banks of Green Ri\er; and on the Big and Little Sandy Creeks',
wbicll rise in the \Vind River ]\fountains, are quite extensive deYelopments of this group, with an abundance of the pe!.;uliar Yertebrate fossils. It is quite possible, also, that the long, high ridges, which so closely
resemble them, south of the old stage-road near La Olede and Dug
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Spring Station, which extend off toward l\Iuddy and Bear River~, of
whicll Hay Stack Butte forms a part, are portions of the same group;
if so it is a matter of great interest to trace the results of the denuuing
forces, which have operated so energetically all over this country in
geological tim s. It forms one of the greatest charms of the study of
the geology of tho \Yest to trace the connections of different groups of
beds across interyening spaces, wllere tlley have teen removed by
erosion alone or by the upheaval of mountain ranges, to take up the
broken links in the history and unite them together. As I have before
stateu, we gradually pass np through the second series of sandstones to
a third series of laminated marls, witll thin layers of chalky limestone.
Near the rnidule of these marls are some layers of chalcedony, composed
mostly of Goniobasis, masses of which are strmved over the surface in
great quantities. Fragments a foot square are covered on both sides
with beautiful specimens of Goniobasis, while about ten feet below is another layer of limestone filled with Unios, with a few Goniobasis. Fragments of turtle shells are quite abundant in the marly clays. 'J:hese
larniuated marls reach a thickness of two hundred or three hundred feet,
and weather into very symmetrical rounded hills or buttes, contrasting
quite strongly with the style of form of the Bridger clays, though similar in type. Their shaly character is always noticeable, and their radiating furrows, so characteristic of indurated clays, are wantiug.
Before reaching the crossing of Green River, nineteen miles north of
our camp near the mouth of llenry's Fork, a thick bed of rusty-yellow
sandstone makes its appearance. This sandstone is well showu on the
banks of Green River. It caps the high bluffs along the river near the
station on the railroad, and assists in giving the peculiar forms to the
hills. On Black's Fork the disintegration of this sand bed, as it comes
to the surface, has produced large banks of loose sand. The surface of
the country along Black's Fork and up to Green River Station il:l quite
sandy. No portion of the country over which we have traveled seems
to be so entirely destitute of vegetation as that between Ilenry's Fork
and the railroad, and yet the soil possesses all the elements of extreme
fertility. If it could be well irrigated it would produce forty bushels of
wheat per acre. The bottoms of the streams produce good grass, and
are now occupied by numerous he-rds of cattle.

CHAPTER VI.
FROM GREEN RIVER STATIO:N, VIA BRIDGER'S PASS, TO CHEYENNE,
'VYOMING TERRITORY.

From this point to Black Buttes, a distance of seventy miles, we follow tho valley of Bitter Creek, along the immediate line of tLe Union
Pacific Railroad. The geological features of this region are of great in·
terest, and, inasmuch as tho detailed account of them is included in the
chapters on the third belt, along the road from Cheyenne to Salt Lake, I
Siall pass o'Ter this portion with only a few general remarks, sufficient
to couuect the geological formations of the two points.
The Green Ri,Ter group can be studied to the best advantage along
the valley of Green Uiver, where the sides of the bluff banks rise to a
perpendicular height of five hundred feet or more. The ''cuts" along
the railroad, from H.ock Springs to Bryan Station, aid us very much iu
reauing the true history of the strata and securing their fossil remains.
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Trn miles cast of Green River Station, the Green River group disappears
abruptly on the ~:;onth 8ide m· Bitter Creek, and the coal formations come
up to view. On the north side, the eastern limit of the Green River
beds is most sharply mar ked by a loug, high, white bluff, that extends
off, f~lr to the northeast, toward the South Pass.
The dip varies from 30 to IJO, and the laminated calcareous shales
gradually pass down into yellow, gray, and brown indurate<l arenaceous
cl::lys, sauds, and samhltones, until the well-defined coal strata are ex·
vosed, without the least appearance of discordancy.
Both tlw middle and the lower tertiary beds incline to the north-west.
At Rock Springs the e:s.tensive anLl valuable mines of the \ -yoming
Coal Company arc located. The lignite coal beds continue fbr a distance of about six m1les east of Rock Springs, with a dip of 10°, where
a series of yellow and drab-brown indnrated clays rise up fi:om lwneath
the sandstones, an<l eontinue for eight miles, to a point about two miles
east of Salt \-Yells t;tation. This interval forms a sort of low, valleylike space, "-hich is \Yell marked, on account of the rounded and far less
rugged ::;tylc of weathering which extends off to the nortlwast of the
railroad, on one sitk, and southwest on the opposite side. East of Salt
\Yells the coal-hearing beds appear again, \Vith an opposite inclination, 'about 10° to the southwest, proving tllis interval to be a true
anticlinal valley. Not a fossil was discovered in these clays to fix their
age with certainty, tnt I have no donbt that they belong to the upper
cretaceous period, aiHl are an extension, to the north or northeast, or'
those cretaceous clays already noticed as occurring near the month of
IIenry'H Fork, on Green River. I believe it to be the extension northeast\vanl of the axi: of elm·ation of the Uinta JHountains. I think, howmTer, that it di~s out, or is concealed by more modern tertiary teds, befm·e reaching the Sweetwater V ::l lley.
Contiuuiug eastward from Salt \Yells Station, the gradual inclination
of the strata exposes a splendid section of the eocene coal beds. Not
less than 1,000 to 1,.:>00 feet of sandstones and clays are passed over
before we come to 1he valuable coal beds near Blaelc Buttes. At this
point the old stage road diverges to the south of the railroad, following up the south branch of Bitter Creek.
Soon after leaving Black Buttes \Ve cross the western rim of the series
of midt1lc tertiary b Jds, which I have named the "vVasllakic group. 71
The transition froln the coal beds is through a series of indurateLl arenaceous clays, wit 1 1Jeds of sandstones of all colors and texture, bearing
upon their Rnrface the evidence of their more modern date. The inclination is in the ~arne direction and in accordance with tlle lower
tertiarie~, but the dip is not more than ~{o to IJO.
At Dig- Pond Statim1, fourteen miles east of Black Buttes, the deserted
building~ of the old stage station are entirel,y built of rocks composed
of fresh-water shell~. There are two kinds of rock, yiz, a calcareouf;
saud~tone, formed of an aggregate of Unios, V.ivipaYa8, Gonioba~is, &c.,
but all casts, the Randstone being so porous that the calcareous she]]
has been entirely di~so1Yed away; still the rock itself efl't:lTesees Yery
briskly on the application of hydrocllloric acid. Another lJed, yaryiug
in thickness from f,L- to t\velYc inches, is a very COllll)act lim >stone,
some\Yllat sili('rou~. This is simply an aggregate of Goniobasio cemented
with a litLlc lime and silica. '.rhe texture of the rock is so close that
it. is diilienlt to otbiu any perfect shells.
Table Hock i::) a high, :flat-topped ''butte" north of this point. The
underlying yielding clays are protected from erosion by tl•ese beds of
shell rock. All the rocks used for building purposes aloug tlle railroad.
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at Table Rock and Red Desert, and on the old stage road at Big Pond
and La Olede, were taken from these shell beds. These layers of rock
extend over hundreds of square miles, and all the buildings for large
cities might be constructed from the aggregate remains of these little
fresh-water animals. Marine limestones of great thickness, composed
entirely of organic remains, are not uncommon in various portions of
our own county, but I have never known such extensive beds of rock
made up entirely of a few species of fresh-water shells. At the present
time. both fresh-water and land shells are very rare in this country;
the physical conditions seem to be very unf'ctvorablc, except at the
sources of some of the tributaries of the Missouri River that come in
from the north, as the .Tames, Vermillion, and Big Sioux Rivers. These
streams are filled with Unios, Viviparas, Lyrnneas, Planorbis, Physas,
&c. ; and yet the conditions seem to have been more favorable in years
past for this kind of life than at present. In the fine vegetable matter
that accumulates along the l\fissouri River from the annual floods, I have
seen bushels of minute Helices, Pupas, Succineas, &c., and ;yet I have
looked in vain for any of these shells alive in the little streams in the
vicinity. In·the banks of the streams that flow into the Lower Missouri,
as Big Sioux, Vermillion, and others, large accumulations of fresJ;t-water
and land shells are found buried fifteen to twenty feet beneath the surface; yet it seems to me, that if all th~tt have ever existed in this region
were gathered together, they would not cover a large area. In the Missouri River, from the base of the mountains to its entrance into the
2.\1ississippi, scarcely a shell can be found, and very few e-ver are seen in
any of the branches that flow in from the south. The inference is, that
the impurity of the waters over the greater portion of the vVest is such
at the present time tlmt this class of life cannot exist. How f~1, vorable,
then, must have been the conditions for the increase of molluscous life in
these old tertiary times! Not only were tlle waters pure, but througllout aU the vast thickness of middle and upper tertiary deposits in the
beds of clay and sandstones, there is more or less calcareous matter, as
is shown by the application of ~n acid; proving that lime, which is so
essential to these. animals, must have existed in the waters of that period.
About six miles east of Big Pond Station, a well-marked bed of reddish
clay is exposed, which can be seen extending across the country, over
the sides of the bluff-like hills, for many miles. I call attention to
this red band of clay, from the fact that it seems to mark the appearance of the lower portion of the middle tertiary, and increases or diminishes in importance in different localities. On the east side of Green
Uiver, opposite the mouth of Henry's Fork, these clays, with a reddish
tinge and bands of light brown, reach a thickness of one hundred to one
hundred and fifty feet, and weather into quite regular and picturesque
forms.
On the west side of the South Pass these light-red clays are well displayed near the base of the middle tertiaries, and in some calcareous
layers abo-ve them are multitudes of fresh-water shells. This band is
also seen at the eastern terminus of the Green River group, near Rock
Springs, and near the sources of the l\'luddy west of Bridger's Pass. It
also gives name to the station on the Union Pacific Railroad, "Red Desert." from the fact that the contiguous hills receive their color from it.
Whether these formations are connected geographically or chronologically with the vast series of red beds west of the eastern rim of
the Great Salt Lake Basin, a more extended exploration must determine.
The shell beds lie above this in all the localities that I have examined
except near the South Pass, where a bed of -very porous sandstone
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occurs near the base of the ·series, made up of casts of Unios, Lym-neas,
&c. ,
Between LaClede and Barrel Springs the strata are v-ery nearly hori- ·
zontal. The surface is less rugged; still to the south of the road are bigh,
rather abrupt ridges, and in the distance are quite pointe<l ridges three
hundre<l feet high, composed of the somber, hard, indurated, rusty
arenaceous clay~ \Vllich characterize the Bridger group. Iudeed, from its
form aud style of weathering, and the color of its sediments, it could not
be distinguished from the high ridges of Bridger beds west of our road
from Henry's I?ork to Green River Station. Although I have hitherto
regar<le<l the group of beds which I have denominated the" \Vashakie
group," as·separated from those of Greeen Hiver and to the westward,
yet I am now inclined to believe that the upper series is either an extension eastward of the Bri<.~ger group or synchronous with it. Fragments
of turtles and other vertebrate remains are not uncommon.
Near Barrel Springs a very good section of the laminated, chalky
clays is e:s:posed in the valley of the J\Iuddy; seams of shPlls as Unio tellinoicles, Goniobasis tenera, G. nodulifera, and G. Oarteri, four inches thick,
occur above and below thin Ia;yers of rotten vegetable matter. These shells
occur through iift,y to one hundred feet of these chalkJ-T beds. Remains
of turtles, also vertebrrn of fishes and reptiles, are found; a few obscure
plants, like blades of grass, stems of rushes, &c., occur in the clays; still
higher on the tops of the l1ills that border the stream, are some thin,
chalky clays, crowded full of plants, as ferns, rushes, grasses, palms, &c.,
finely presenTed. Fragments of palm-wood and those of deciduous trees
are scattered over the surface in great profusion. I think I have never
seen vegetable remains more abundant or more easily obtained in any
portion of the "\Vest than at this locality. There was about two feet of
strata compQ)SCd of them, and they split into very thin regular layers,
as light as dry vegetable matter could be, and each side of the thin
layers was covered with l>cantiful impressions of leaves in a remal'kably
fine state of preservation. Upon these weathered hills were literally
bushels of very pretty Goniobasis and Unios, which onecouldgathertohis
entire satisfaction. I regretted very much that my party could not
remain a day in this interesting region ; but the almost entire absence
of grass and the alkaline water compelled us to hasten on with our halfstarved animals.
From Barrel Springs we descend geologically, the dip of the rocks being
rC\Tersed, and the same beds rise to view that we saw in traveling eastward from Black Buttes. As we descend into the valley toward Duck
Lake, the pinkish bed makes its appearance, and on the left of the road is
an isolated mass of sandstone, about twenty feet cube, which forms a sort
of landmark. Although this red layer is a conspicuous feature in this
region for miles along the valley of the J\iuddy, yet this isolated mass is
the only example of hardened rock connected with the red baud in this
region. There must have been some local cause originally for the greater
tenacity of the cementing material in this restricted locality.
The water divWe of this region is undoubtedly Bridger's Pass, but the
geological diYide I regard as located between La Olede and Dng Spring
Statiou. Ilere the strata are nearly horizontal, or from what might be
called a synclinal. .Along the Union Pacific Railroad at Dodge'~ Summit, the water and geological divide are identical. The strata west of
this divide incline slightl;y northeast, and on tlw east side southwest.·
.As I have already stated in a precedingf'.hapter in describing the tertiary
formation fi.'om Bridger to Green River, they may be separated provi8ionally into four series.
·
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First series.-The coal strata, lower eocene, characterized by numerous
impressions of deciduous leaY(~s, marine and fresh-water mollusca.
Secondsm·ies.-Arenaceous, upper eocene, characterized by a profusion
of fresh-water shells, as Unios, Goniobasis, Viviparas, .Lyrnneas, &c.; a
portion of these being casts.
Third series.-Oaleareous, lower miocene, containing the greatest
abundance of fresh-water shells, plants, fishes, &c.
Fourth series.-A_renaceous clays-upper miocene-turtle shells; no
other fossils observed. The third series of beds contains tho plants and
shells that were found in such profusion near Barrel Springs on the
:Muddy.
Continuing our way eastward, we descend across valleys and over
ridges, with the outcropping edges of bed after· bed of sandstone and
clay rising to Yiew, until we come to the coal strata near Washakie
Station, on a branch of the Muddy flowing down from Bridger's Pass.
The dip is· hardly perceptible at first, but gradually it reaclws 5o.
Through the eocene and cretaceous beds, even to the granites,
the inclination may increase, or in some cases diminh;;h. In some
instances the eocene beds are vertical, while the carboniferous strata
beneath, incline at a small angle. There is no apparent discordancy
between the four series of tertiary beds noted above. Along Green
River, at Rock SpringB, Black Buttes, and west of Bridger's Pass,
no waut of conformability could be ascertained. Yet there must be
some discordance between the upper tertiaries and the older beds,
from the fact that the Bridger group and the Monument Creek group,
as well as the upper port.ions of the White River group, jut up against
the older beds in many places in a horizontal position or iucline at an
angle of 3° to 5°. This is the case along the eastern :flanks of the Laramie
range, and on the sides of other mountains in numerous localities. Near
Fort Laramie the " 1hite River beds, which may possibly be of pliocene
age, have been deposited high up, in the ravines, on granites, or on the
upturned edges of carboniferous limestones, and yet in the plains these
same beds seem to conform perfectly to the old tertiaries, ~tm1 the latter
conform perfectly to tlw eretaceons: Jurassic, triassic, carboniferous, and
Silurian beds.
After passing Duck Lake Station we ascend barometrically, although
we descend geologically, lower and lower beds rising to view continual1y, and just before reaching \Vashakie Station the lower tertiaries or
lignite beds make their appearance, with a dip of about 100. I think
the fresh-water shells that occur here in sandstones so abundantly belong to the third series of upper eocene beds that gradually pass down into
the coal strata. About a mile west of vVashakie the beds of coal are exposed, and the examples of the baking, and even the melting, of the
adjacent rocks by the spontaneous ignition of the coal-beds, are very
common. The ridges are covered with these red or burnt places, which
look like piles of cinders. In some beds of gray calcareous sandstone
oYer the coal I collected great quantities of large deciduous leaves of
trees belonging to the genera Platan~ts, Pop~tlus, Tilia, &c., e-vidently the
same species as those found in other localities connected with the coal
formations. The coal strata reach a great thickness around Bridger's
Pass, and are composed of alternate beds of sandstone with la,y ers and
concretions of calcareous sandstone. In the upper portions the clays
predominate and contain the coal seams, which vary iu thickness from
a few inches to ten or twelve feet. As we descend toward the cretaceous beds, the sandstones begin to predominate, until the,y rise on our
left hand, as we ascend the " pass," in lofty, nearly vertical walls. The
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trend of the ridges is about. northeast and southwest. The branch of
the :;\1m1<1y, which rises in the "pass," seems to form the line of separation between the coal-beds and those of well-known cretaceous age.
A bed of massive sandstone forms a wan ou the north si<.le nearh· to the
head of the l\fuddy, where the softer clays of the cretacrous seem to rise
from beneath it. On the south side of the road is a high, rugged group
of bills, which \Teather into rounded forms, which arc plainly npprr
cretaceous. Since leaving \Yashakie there has been a drcided improYemcnt in the vegetation; grass grows quite abundantly on tlH' hills
and in Lhe Yalleys, and the shrubs and trees have the healthy growth
peculiar to the foot-hills of the mountains.
Bet\"\'ecn Bridger's Pass and Pine Gro\e the wall on the north side
continues much the same, bnt the cretaceous clays seem to underlie the
sandstone; but on the sonth side the cretaceous beds rise np abruptly
to the height of about eight hundred feet abo\e the road; and on the
summit is a broad plateau, ro\ered wit 1 a drposit of drift material, and
well grassed over. Here and there we see beautiful groves of aspen
and pine. The belt of cretaceous beds is very wide. In the vicinity of
Bridger's Pass there is an enormous thickness of the coal strata, which I
have estimated at three thousand to five thousand feet. Tho inclination is 100 to l.Jo. The cretaceous clays are also very largely dcYoloped
fifteen hundred to two thousand feet. Near .Aspen Groye I found Baculites ovatus and some undetermined marine shells. At Pine Grov-e the wall
on the north side extends across the country, towards Rawlings' Springs,
in one of the most handsome and symmetrical anticlinals I lla\e observed in the \Vest. The valley is about four miles wi<le between the
outcropping walls, and forms a sort of rolling prairie, which shows the
style of surface weathering when underlaid by the soft, yiel<liug; cretaceous clays. The trend of the Yalley is northeast and southwest, aud
forms an extension of the axis of elevation of some range of mountains near Bear River .
.1\.bont northeast of Pine Grove there is a small lake h1 this Yalley,
half a mile long and nearly the sap1e width, the shores of 'vhich are
coYered with au alkaline efflorescence. This anticlinal valley is of the
same character as the one that forms the extension of the axis of the
Uinta range at Salt vVcl1s~ on the Union Pacific Railroa(l. Here we see
the same smooth, rcrunded appearance to the surface from Hock Springs to
a point about two miles east of Salt \"\rcns, where the outcropping
edges of the coal-bearing rock appe::tr. Passing up the South Fork of
Bitter Creek, "'e have the more modern tertiary beds inclining at a
small angle. Near La Olede Station is a high ridge, extending across
the country like a low range of mountains, composed of the somber indurated, sandy cla;ys of the upper miocene, of which Ilaystack Butte forms
a part. Continuing our way eastward, we descend again across the edges
of the HamP ueds we saw on Bitter Creek, and gradually passing through
a tremendous thickness of eocene coal strata, reach the soft clays of
the cretaceous group. The exact line of separation between the true cretaceon~ aml tertiary beds in this region I cannot positively determine.
\Ve know that fossils, brackish and sometimes purely fresh-water, characterize the upper eocene above the thickest coal beds; that at llalldlle,
in the dark clays or slates, above one of the most valuable coal beds, there
is a profusion of Oyrenas and other brackish-water fossils; that, as we descend in the coal strata, beds ·of several species of Ost-rect 8re found;
sho\Yiug clearly that the great lake at this time had access to the salt sea.
I am not able to draw the exact line of separation between the tertiary an(l
the cretaceous beds in this region, and I am inclined to believe that there
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is a considerable thickness of what may properly be called transition beds 1
or beds of passage, which will probably remain a long time in doubt.
From Pine Grove we continue on our course to the eastward, with the
high wall of sl::Lndstone on the left and the plateau on the right. Nearly
opposite Pine Grove Station the anticlinal that extends off toward
Rawlings' Springs forms a notch or triangular area, in which the cretaceous clays are worn into three singular, terrace-like ridges on the
west side, with a strike soutp.west and northeast, and on the east side,
northwest and southeast.
The valley of Sage Creek is three to six miles wide. On the North
Platte there is a fine exhibition of the sandstones or transition beds.
Near the crossing of the old stage road there are vertical bluffs eighty
to one hundred feet, composed of grayish-brown sandstone, which exhibits, in the most remarkable degree, the various signs of shallow-water
depositions, as ripple, rain, and mud-markings, with what appear to be
trails of worms, &c. Broad, flat masses of sandstone lie at the base of
the bluff fifteen or twenty feet square, with the surface covered with
these peculiar markings; oblique layers are not uncommon. The indurated clays of well-known cretaceous origin are well shown here, extending up the North Platte for fifteen or twenty miles to the southward, while, to the north, ridge after ridge extends as far as the eye can
reach. There are alternate beds of sandstone and a steel-brown indurated clay. In the second bed of sandstone from the bottom are great
quantities of a species of Ostrea. As we pass up in the series we find
irregular concretionary beds of rusty calcareous sandstone, with some
fossils, especially Ostrea, and a few other marine or brackish-water species. Everywhere in the West the oldest or lowest coal beds contain
more or less marine fossils, most of which belong to the genus Ostrea ..
They are found, in about the same position, from latitude 490 to New
Mexico. Wher{j the beds are studied with some care, in a favorable
locality, 'Te soon find that the marine evidences disappear, and the
organic remains are purely fresh-water or terrestrial.
On the morning of October 23 'Ie left our camp on the North Platte
and wound across the plains a little north of east to Pass Creek. To
the we~t and southwest, as far as the eye can reach, there is a rolling
or partial plain country, occupied by cretaceous beds. From the high
ridges on the east side of Platte we can cast a glance back along the
route we have traveled, over one of the most comprehensive views I have
observed in theW est. On the north side is the continuous wall of sandstone, from Bridger's Pass to Medicine Bow, extending up the Platte
River, and retreatiug with a gentle dip northeast, like descending steps,
or rather like chopped waves. The clays underneath the sandstone
ridges are undoubtedly of cretaceous age; but I have been inclined
to regard the group of alternate beds of sandstones and clays, which are
so conspicuous from Bridger's Pass to Medicine Bow River, and giYe
the characteristic surface features to a very large area, as transition
beds or beds of pa~sage from the true cretaceous era to the tertiary.
It is true that we find here and there a specimen of InoceTam~ts or BacuUte
and numerous beds of several species of Ostrect; yet the time which
must have been required to bring about the changes in the sediments
and animal life, fi.'om a purely marine condition to that of purely freshwater, must have been immense. That a few of the more hardy marine
forms of mollusca should have lingered on up into the period of the
coal, would not and need not surprise geologists. So consecutive do the
different beds appear to be, that I am of the opinion that, however
minutely they may be studied hereafter, the line of separation between
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the true cretaceous and tmtiary beds will be arbitrary. There are
many localites in the West where the line of demarkation is so well
defined by the absence of some beds that it cannot be mistaken, but I
will discuss this question more fully hereafter.
Through the broad valley winds the North Platte River with remarkably picturesque beauty, with grassy bottoms, and here and there
a group of large bitter cottonwoods. To the south and southeast is a
snow-covered range of mountains, walling in the North Park, and forming a portion of the water-shed of the continent. Far up the Platte
Valley, for thirty or forty miles, the surface is slightly broken, witb tbe
appearance that the soft cretaceous clays would give it.
There is a broad belt of the cretaceous beds extending along the base
of the mountains and running across the course of the Platte. To the
eastward rise the four rounded mountains of the :l\Iedicinc Bow Tange,
of which Elk 1\Iountain forms :1 part. To the north and west the ridges
of transition sandstone pass into the true tertiary toward Fort Steele on
the Union Pacific Railroad.
The bottoms of the North Platte are quite fertile, and produce excellent grass. The timber is not abundant, but taken in the aggregate
there is enough to supply tlw sparse population that will be likely to
settle in this region. The mountains would furnish a most abundant
supply.
The sandstones as seen along the Platte are somewhat variable in
color and texture. The three lowest and most massive beds, fifty to
eighty feet in thickness 1 are drab brown; the fourth one is yellowish
gray, very friable, separated into thin layers, and weathered into somewhat fantastic forms, one of which resembles a human face. This bed
of sandstone is full of large, rusty-brown, concretionary masses, which
are also divided into thin la;yers, but are calcareous, really arenaceous
limestones. In looking at the surface features of this portion of the
country, these four beds of sandstone mentioned above stand ont in
relief, and give force to the scenery. Between them are some thin
layers of sandstone and arenaceous limestone, with seams of dark-brown
siliceous clay, more or le~s slaty. The dip of these beds is 1~ersistently
northea t.
Leaving the North Platte we traveled in a northeast direction over
uplifted ridges for a time. Soon they are so worn down that they are
only faintly shown above th~ surface, and for·about twelve miles before
reaching Pas~ Creek our road was over a level plain covered with a
thick deposit of drift. The eYidences of erosion are very conspicuous
between the North Platte and Pass Creek. The broad, level plain was
once eovere<l with ridges of cretaceous beds inclining at a large angle.
On the east side of the plain the ridges dip west and northwest fi·om
the mountains. On the south west si<le of Elk :Mountain are very high
ridges of se<limentar.r rocks, but they are only a few miles in extent.
The main ridge, which lies next to the granite, is composed of carboniferous limestone. The valley near it, is formed by the scooping out of the
soft, re<l, arenaceous clays of the triassic; then comes Jnras~ic, cretace·
ous, and lastly the tertiary beds, gently inclining toward the plains.
These formations are more or less conspicuously shown, depending
upon the texture of the materials. The granite mountains rise np about
two thousand feet above the base; the ridge of carboniferous limestone
is five hundred to eight h~1ndre<l feet; the third ridge is cretaceous, one
hundred to one hundred and fifty feet, while the drab sandstones of the
transition group pass off northward in a series of low ridges.
Leaving Pass Ureek, we enter Rattle Snake Pass, with the drab sand-
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stones, underlaid by well kno\\n upper cretaceous clays, outcropping 011
the left hand, and tb.e rather curious, mound-like ridges of the dark plastic
clays of the lower cretaceous, on the right. Along the flanks of the
mountains it is quite seldom that all the formations are clearly shown.
Sometimes portions have been removed by erosion or concealed by drift
deposits; or all the beds are so crushed together that only two or three of
tl1em are exposed to the eye. At this locality for a short distance,
perhaps one or two miles, the lower cretaceous clays are remarkably
well slwwn, lying on the sides of the mountains; while the Jurassic, redbeds, and carboniferous are scarcely seen or are concealed entirely. \Ve
know that they must exist h.ere in their full development, for just west
of Hattlesnake Creek all these formations are very clearly shown in
lofty; well-defined ridges, inclining at an angle of 200 to 400. These facts
show the importance of careful detaHed study of the geology of all the
monntajn districts, and the necessity also for the construction of a suitable topographical map on· a sufficiently large scale to show tlwse changes
clearlv.
Near Fort Halleck the carboniferous limestones rise high up on the
sides of the mountains, resting upon the granite. All the more recent
beds are worn away or so concealed as not to be visible. East of
Fort Halleck the ridges of sandstone bend off to the northwest, while
to the east and southeast the sedimentary rocks jut up against the sides
of the foot-hills of the mountains.
From Elk Mountain to Little Laramie Hiver there are no remarkable
exhibitions of the uplifted sedimentary rocks. For the most part the
foot-hills near the base of the mountains are quite smoothJy rounded
oft', and covered with grass; and only here and there are any of the beds
exposed. High up in the mountains, toward the sources of the Big and
Little Laramie rivers, are some fine exposures of tlw entire series of seaimentary beds; but these will be described more fully in a subsequent
portion of this report.
Along the flanks of Elk :Mountain there is exposed, in one or two
localities, a vertical ridge of gray sandstone and quartzite, which I have
regarded ali No. 1, or lower cretaceous. The rock does not differ in texture from the same formations as seen along the eastern slope of the
Laramie range from Red Buttes to Cache ala Poudre and southward;
but in this instance it forms, for a short distance, a high vertical wall,
pressing up close to the granite nucleus, while the carboniferous limestones are carried up on the tops of the granite to the summit of the
mountain.
Our ca.mp on the J)lfedicine Bow Creek was a pleasant one, with an
abundance of timber, and the greatest supply of grass for our animals.
The bottoms are wide and of inexhaustible fertility. The valleys of all
the little branches furnish the most extensive and valuable pastoral
districts for stock. Beaver dams occur ever,ywhere, and sometimes flood
a space half a mile in width. In th.e branches of the 1\fedicine Bow the
plastic clays of the lower cretaceous prevail, in a horizontal position. All
the formations seem to jut up against the mountain sides with very
little inclination. The river emerges from a sort of jog in the range,
ten miles or more south of Elk }\fountain, and the cretaceous beds, nearly
horizontal, extend down into the plains in long, grassy, bench-like ridges.
On the vVagon Hound Creek are some beds of sandstone in a nearly
vertical position, or inclining at a high angle from the .m ountains, which
are intercalated with beds of clay and coal seams, evidently the beds of
passage to the tertiary.
After passing the Medicine Bow Creek eastward, the country assumes
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a more cheerful aspect; the water is as pure as cryp.ta1, and grass con~rs
the surface ver,y thickly. Dense groves of aspen are abundant among
the foot-hills, and the little streams are all fringed with timber. From
the summit of a high hill on the west side of Hock Creek we have the
finest view of the Laramie Plains I have ever seen. "'.Ve reaell('d Hock
Creek on one·of those clear days after a rain-storm, when the sun :shines
out with t.hat wonderful brightness which is peculiar to this country.
The entire area of the Laramie Plains was spread out before us like a panorama. The Laramie range forms a perfect wall on the east and north
side, and marks the horizon from the east, around to northwest, aud
apparently dies out. To the north, Laramie Peak is as plainly visiule as
it is from Fort Laramie on the opposite side of the range, and rises high
above any other portion. The entire surface of the plains east of the
:Medicine Bow, encircled by the main Rocky :Mountains on the south,
and the J.1aramie range on the east and north, has been smoothed off by
denudation and grassed over, so that it forms one vast pasture-ground
about sixty miles in extent from east to west, and nearly the same distance from north to south. From the mountains on the south side descend, parallel with the valleys of the streams, beautiful benches,
with smooth, table-like summits; while forming a portion of the foot-hills
of the mountains are numerous rounded hills, grassed o-ver, and pased
on the tops and south side with the different kinds of rocks which constitute the nucleus of the mountain range, as garnetiferous gneiss,
quartzites of all colors, reel aud gray granites, with quartz, trap rocks
of various textures, fibrous gneiss, &c. These rocks are quite well worn,
and they seem to lie on the summits of the bills as they ·were dropped
by an iceberg. and present the appearance of leaning to the northward
as if on the move. The shape of the hill and the position of the stray
masses impresses one with the thought that they \Yere only delayed for
a time on their way from the mountains to the plains. These examples
of local drift or erratic blocks are Yery common and well defined in the
Laramie Piains. Indeed, I have never seen any evidences in the Rocky
Mountain region of ariy foreign drift. All the superficial deposits belonging to the quarternary period, seem to me to be local in their origin.
Rock Cr:eek Valley is very beautiful and picturesque. The stream
emerges from a very narrow gorge in the mountains, which is covered
with a dense growth of pines. As we look down the stream from the
gorge the Yalley seems to expand to two or three miles in width, and there
are three belts of trees winding through it as if there were as many
separate strfams. The other portions of tho Yalley are like a meadow.
About half a mile, along the old stage road, on Hock Creek, the metamorphic rocks are well shown, holding a nearly vertical position. There
are gray and reddish feldspar beds, inclining 60o. There are also beds
of what appears to be ancie11t trap. These ridges form steps which lead
up to the Snowy range. No sedimentary rocks older than the cretacoons are seen in the Yalley of Rock Creek. The valley is literally covered with water-worn boulders of all kinds, mostl:r metamorphic, and
hence its name. These bouluers diminish in size as we descend the
creek until they nearly or quite dfsappear. All the hills on either side
show aceumnlations of these worn rocks on the side facing the mountains. On the east side of Hock Creek the yellow sandstone which underlies the long bench is undoubtedly cretaceous No. 5, and contains a
few fossils, among wllich are the usual Inocerwmus and Baculites ovatus.
On the east side of Cooper's Creek there is a long, high ridge, 'vith its
abrupt side toward the mountains, and covered thickly with the rounded
boulders-a marked illustration of the direction from which the bould-
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crs were derived. The valley of Cooper's Creek is a broad, meadow-like
expansion 1 and produees a thick grmvth of grass, which supplies an
abundant provision for stock in the winter. ~t\.ll these streams emerge
.from tbe mountains through narrow cailons. From Elk .M ountain to
Big Laramie I doubt whether any rocks older than the cretaceous are
exposed on the flanks of the mountains, and these in many places are
obscured by heavy deposits of drift.
The valley of the Little Laramie is now mostly occupied by ranches.
Thousands of cattle wander over its broad meadows and on the uplan(J. plains, and hundreds of tons of hay are prepared every year. It
is probable that this region is destined to become celebrated as one of
the finest pastoral districts in America.
Leaving Big Laramie we a-scended the western slope of the Laramie
range by way of Cheyenne Pass, across the cretaceous, Jurassic, and
triassic or red beds. The latter gives a bright brick-red appearance to
a wide belt along the east side of the road for 30 to 40 miles. A bed
of bluish limestone covers the western slope of the Laramie range with
remarkable uniformity, like the roof of a house, inclining 100 to l.JO.
Underneath this, toward the summit, a bed of yellowish-white limestoue
appears, with well-marked carboniferous fossils. Toward the snmmit
of the range we pass over a depression or valley of considerable depth,
which seems here to separate the changed fi.'om the unchanged rocks.
\Ve then come to reddish micaceous feldspatbic granites. Indeed, all
,~arieties and textures of granitic roeks occur on the summit of this
range. \Ve continue to travel over ridge after ridge of metamorphic
rocks-some very fine in texture, others quite coarse-until we come to
the smooth, plain-like area which forms the ceutral portion. This grassy
belt constitutes the real crest or divide, and after passing this 've tra,Tel
oYer ridge after ridge of metamorphic rocks similar to those on the
west side, lmt with a reversed dip, showiug a distinct anticlinal; and
at the east end of the pass, at the sources of Lollgc Pole Creek, the
metamorphic roeks rise up from beneath the red sands and limestones
in perfect conformity, so far as they are visible· to the eye. On the
east slope are broken ridges, which show the carboniferous limestones
inclining 30 to 100. Curiously rounded ravines, carved out of the
ridges by water, separate them into picturesque fragments. The road
through Cheyenne Pass is excellent, and is paved with crystals of feld
spar. The soil is fertile and the grass is good.
South of I.~aramie Peak there is a great scarcity of timber on this
range, so that it does not deserve the name of "Black Hills," which is
often applied to it.
Just south of Crow Creek there is an illustration of the granite rocks
carrying up the carboniferous limestones on their summits in a nearly
hori.~ontal position. The tertiary beds jut up against the base of the
range, entirely concealing all traces of older rocks, so that larger areas
of older formations are broken off and lifted up far above the plains on
the summits of the mountains. This is not an uncommon occurrence
along the flanks of all the mountain r~nges. It only shows how interesting and complicated are the details orthe study of these ranges, however
simple their structure may seem to be in the aggregate.
Leaving Cheyenne· Pass, we cross over a remarkallle parallel valley,
or one which has been scooped out near the b~se of the mountains and
extends along parallel with it. It extends from the ridge south of the
<lrainagc of Crow Creek to the Clmgwater. The modern tertiary beds
extend down to Cheyenne, a distance of fifteen miles.
We have now (November 1,) reached our point of departure on the 6th

GEOLOGICAL SURVEY OF THE TERRITORIES.

81

of August last. Two belts of country have been explored: 1. North of
the railroad by way of North Platte, Red Buttes, Sweetwater, South Pass,
to : Fort Bridger. 2. South of the railroad, from Fort Bridger via Henry's
Fork, Green River, Bitter Creek, Bridger's Pass, Medicine Bow Mountains, Cheyenne Pass, to Cheyenne again.
We shall occupy ourselves next with a description of the third or middle belt connecting the two already described, extending from Cheyenne
to Salt Lake Valley along the line of the Union Pacific Railroad.
We shall also gather up some of the fragments from point to point
which may have been omitted, or not fully explained, in the preceding
portions of this report.
6 G
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VJI. GENERAL VIE\V OF THE GEOLOGY OF THE MISSOURI VALLEY.
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GEOLOGY OF THE MISSOURI VALLEY.
CHAPTER VII.
GENERAL VIEW OF THE GEOLOGY OF THE MISSOURI VALLEY.

In order that our description of the geology of that belt of country
bordering the line of the Union Pacific Railroad may be more clearly
up.derstood, we may in this chapter take a somewhat hasty glance at the
principal geological features of the vast area drained by the :Missouri
River and its tributaries. The geologist i-s dependent for his knowledge
of the earth's crust, either on natural sections formed by the channels
of rivers, or the upheavals of mountain chains, or on the artificial cuts
along railways, or artesian borings. The great JUissouri cuts a section
from its source in the mountains to the Mississippi, a distance of nearly
3,000 miles, affording an excellent opportunity for studying the various
geological formations which occurin the Northwest. The branches also,
which make their way from distant points on either side of the Missouri,
cut the country up in every direction, so that it is hardly possible to fail
in obtaining at least, an approximately correct interpretation of the
records. The cuts along the line of the railroad are, as it were, slices
in the earth's crust which often reveal the nature of the underlying
formations with wonderful clearness, throwing a flood of light upon obscure points. :Many of the observations also, which were made for practical purposes by the engineers, as well as the exploration for useful
minerals in the vicinity of the road, may be brought into the service of
science. Thus the elevations which have been taken with great care
ac:r:oss the continent from Omaha to San Francisco are very useful.
Along a well-known line of travel, the attention of the student of
geology will most likely be attracted toward the principal geological
features, and on this account I hope to make the succeeding chapters a
sort of guide in this respect. ::1\fy observations, which have extended
over a period of about three years, may be regarded as correct in the main,
though every year new facts will be added.
Before starting 'on our westward tour let us study for a little time the
wonderful section which is revealed to us along the channel of the 1\Iissouri River. It has long been known that the northeastern portion of
Nebraska is underlaid by rocks of the upper coal measures. These
rocks are well shown from the south line of the State to the mouth of
the Platte River, where they are partially concealed by a great thickness of recent deposits.. They gradually disappear beneath the water1m-Tel near De Soto, about thirty miles aboveOmaha. If we ascend the
Platte River for a short distance we shall find the carboniferous limestones finely exposed, and the opportunities for their study are very
much aided by the numerous quarries which have been opened. They,
in their turn, pass beneath the water-level of the river, near the mouth
of the Elkhorn, and are not ag:;tin visible until they are exposed along
flanks of the mountain ranges. So far as Nebraska is concerned, the
carboniferous rocks seem to be directly oyerlaicl by the rusty sandstones
of the lower cretaceous, No. 1. In the valley of the Big and Little Blue

86

GEOLOGICAL SURVEY OF THE TERRITORIES.

Rivers some yellow and buff magnesian limestones occur, which are suggestive of permian relations, but it is quite doubtful whether rocks of
that age extend up into Nebraska, although they occur in Kansas. On
my geological map I have usually colored a small strip of permian
extending up into Southern Nebraska, but our present knowledge would
indicate that it might be omitted. Although some of the fossils seem
to possess permian affinities, they all extend down into the coal measureB,
and therefore are not peculiarly characteristic. As we have before remarked, the carboniferous rocks along the Missouri River are immediatels
overlapped by formations of cretaceous age. These rocks as revealed
along the Missouri, have been separated into five well-marked divisions,
which have been designated by numbers 1, 2, 3, 4, and 5, and by groups,
as Dakota Group, Fort Pierre Group, and Fox Hills Group. Inasmuch
as we shall have occasion to refer to these groups in describing rocks in
the cretaceous epoch in other portions of the West, we will introduce here
a general section of the cretaceous rocks along the :Missouri RhTer, as prepared by Mr. J\feek and the writer several years since, and published in
previous reports. There are so many students of western geology
scattered over the country at the present time, most of whom cannot
gain access to the memoirs in -which these sections have been published, that this will be a sufficient reason for reproducing them in
this connection. Not only in this report, but also in subsequent reports,
we shall have constant occasion to refer to these sections, and the different groups of rocks. The sections were based on characters obtained
from a careful study of the groups as exposed along the Missouri River,
and it is here that their typical characters are found. As we depart
from this center in any direction these characters are modified more or
less. As we go' southward into the Laramie Plains, Colorado, or New
Mexico, these divisions are not as well defined, and Drs. Newberry and
Leconte have very properly divided the whole cretaceous group, as
there developed, into upper, middle, and lower cretaceous. Yet, to
one familiar with the typic.c'll divisions as seen on the Upper Missouri,
geographical extension never modifies them so that they do not still
possess some traces of their original characters.
Formation No. 1, as seen all along the flanks of the mountains from
the Big Horn and \Vind River ranges to New l\1exico, has never yielded
a single characteristic fossil, and the lithological characters are quite
different in many respects from those which are peculiar to the group,
as shown near Sioux City and southward into Kansas. Again, in their
southward extension, the division into upper and lower cretaceous
groups would probably best accord with the facts as we know them at
the present time.

.
•
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Gcneml section of the cretaceous 1·ocks of the Nm·thwest.

Divisions and subdivisions.

.

rGray, ferrua:inous, and yellowish sandstone,
and :n·onaccous cla.vs, containing Belemnitella bulbosa, Nautilus Dekayi, .Ammonites
0
~~ J placenta, .A. lobatus, Scaphites Gom·adi, S.
i::
Nicolletti, Baculites rtrandis, BusyconBaiTdi,
::::1.~ \
Pusus Culbertson, P. Newberryi, Aporrhais
~~
Americana, Pseudo-buccimt:n, NebraBcensis,
M S
Mactra Warrenana, Oardtum subquadra~ ~
tum, andagreatnumbcrofothermolluscous
f;<;j
fossils, together with bones of Mosasaurus
Jfissou1·iensis, d:c.
Dark-gray and bluish plastic clays, containing,
near tlie upper part, Nautilus Dekayi, Ammonites placenta, Baculites ovatus, B. compressus, Scaphites nodosus, Dentaliwn gracile, Grassat~lla Evansi, Gucullcea Kebrascensis, Inoceramus Sagensis, I. Nebrascensis, I.
Vanuxemi, bones of Mosasau1·us Missouriensis, d!c.
Middle zone nearly barren of fossils ......... .
Lower fossiliferous zone, containing Ammonites complexus, Baculites ovatus, B. compressus, Helioceras Mortoni, II. tortum, H. umbilicatwn, H. cochleatum, Ptychoceras Mortoni, Fusus vinculum, Anisomyon borealis,
Amauropsis paludiniformis, Inoceramus
sublcevus, I. temti-lineatus, bones of JJlosa·
saurus Missouriensis, d!c.
Dark bed of very fine unctuous clay, containing much carbonaceous matter, with veins
and seams of gypsum, masses of sulphuret
iron, and numerous small scales, fishes,
local, fillin,g depressions in the bed below.
~
(Lead-gray calcareous marl, weathering to a yelo C':i llowisb or whitish chalky appearance above,
:~ o
containing large scales and other remains of
-~ ~
fishes, and numerous species of Ostrea con'd §
gesta attached to fragments of Inoceramtts.
~ :p
Passing down into light yellowish and
~
whitish limestone, containing great num.g .,.
bers of Inoceramus problematicus, I. pseudoz~
mytiloides, I. aviculoides, and Ostrea con,gesta, fish scales, &c.
P. ~Dark-gmy laminated clays, sometimes altergci nating near the upper part with seams and
r-. o
layers of soft gray and light-colored lime~~
stone, Inoceramtts problematicw~, I. tenuiTos0 ;:1 ~ tratus, I. latus, I. fragilis, Ostrea congesta,
1::1:3 Venilia j][ortoni, Pholadomya papyracea,
~ <:l
Ammonites Mttllani, A. percarinatus, A.
-+J
vespertinus, Scaphites Warreni, S. larvce~~
jormis, S. ventricosus, S. vermiformis, Nauti~
lus elegans, (1) &c .

(~. .n

I

"'

I I

Localities.

Fox IIills, ncar Moreau River, near Long Lake, above
Fort Pierre, along base

Feet.
500

~~\r~~[ha~fs~!~h~l~tt~

Rivers.

t

Sage Creek, Cheyenne River,
and on White River above
the Mauvaises '.renes.

7011

Fort Pierre and out to Bad
Lands, down the Missouri,
G~e!~~~~a~ country, to
Great Bend of the Missouri,
below Fort Pierre.

Near Bijou Hill, on the Missouri.

Bluffs along the Missouri,
below the Great Bend, to
the vicinity of Big Sioux
River; also below there
on the tops of the hills.

200

Extensively developed near
Fort Benton, on the Upper
Missouri ; also along the
latter from ten miles above
James River to Big Sioux
River, and along the eastern. slope of the Rocky
Mountains as well as at
the Black llills.

800

Hills back of the town of
Dakota : also extensively
developed in the surrounding country, in DakotK't
Connty, below the mouth
of Big Sioux River, thence
extending southwar<l into
northeastQrn Kansas and
beyond.

400

S

,;,

.S

10
~

o
~
H

\

I

E

. ,....; (Yellowish, reddish, and occasionally white
san~stone, with, at places, alternations of
vanous colored clays and beds and seams
c!J ~
of impure lignite; also silicified wood and
<l-~ < great numbers of leaves of the higher types
"5 ~
of dicotyledonous trees, with casts of Phar~ S
ella (?) Dakotensis, Axinaea Siouxensis, and
~ ~
Gyprina arenarea.

§<
8 ~0

l

I

I

~

l

The names which are given to these groups, both in the cretaceous
and tertiary rocks, are always provisional, and arc intended as specific
points around which to group such facts as may add to our own knowledge from year to year; and when it slJall haYe been found that any of
thew have served their purpose, and are no longer needed, they will be
dropped from the list. Objections may be made to the use of local geographical names, but they have been found by experience to serve our
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purpose best. In Nebraska the sandstones of the Dakota Group rest
directly upon rocks of the age of the coal measures. Although they do
not appear in full force until we reach a point near De Soto and beyond,
yet remnants of the sandstones make their appearance within five or
ten miles of Omaha at any point north of the Platte I{iver. It is quite
probable that they once extended all over Nebraska, passing across into
Iowa, and how .much further eastward we have not definite data to determine. The coal-measure limestones are thus exposed in northeastern
Nebraska by the erosion of the cretaceous rocks. This is a very important matter in a practical point of view, for the sandstones of the cretaceous group are seldom of much value for building purposes, and the exposure of large areas of the carboniferous rocks in the most fertile portions of the State is a fact of inestimable value.
Fig. J..

Chalk Bluffs, Cretaceous No.1, near Blackbird Hill, Nebraska.

Alou.g the banks of the :Missouri River, on the Indian Reserve, is a
lofty escarpment of yellow, rotten, coarse-grained sandstone, sometimes
called Chalk Bluffs, from their whitish chalky appearance in the distance. They are from one hundred to one h unclred and fifty feet in
hejght, and about half way up, or at least fifty feet above the water, and
as much from the top of this perpendicular wall, are carved out numerous Indian hieroglyphics, as pipes, canoes, various kinds of animals, rude
representations of the Indians tllemselves, &c. The question at once
arises, who carved them here~ The Indians now living cannot account
for them, and call the rocks "Medicine,'' a term which they apply to
all things that are mysterious to them. The characters closely resemble
those on their robes worn at the present day, and are doubtless emblematical of some important event in Indian history. These figures must
have been carved here many centuries ago, when that portion of the
escarpment was accessible :from beneath in some way, all trace of which
has been effaced by the water. Similar ones are still to be seen in other
localities, especially in the mountains. A small creek, which flows into
the :Missouri a few miles below the "Running Water~" has an Indian
name which signifies'' Where the dead have worked," from the fact,
that upon the high chalky walls that form its banks are some of the
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same mysterious carvings. These soft sandstones, or chalky limestones,
are well adapted for recording their hieroglyphical history.
·
But these rocks bear upon them far plainer characters than those described allOve, and characters which carry the history of events infinitely farther back into the past than any ever carved upon stone by human hands. :Near the Blackbird JHission, and in other localities above
and below this place, bas been found a remarkable series of fossil plants
embedded in the sandstones and quartzites, which has thrown much
light upon tlle ancient flora of this region. These sandstones all belong
to the lower cretaceous or chalk period, and it is now well ascertained
that with the begiuning of that era, began upon our continent the dawn
of existing deciduous fruit and forest trees, as did also the present race
of edible fishes, as the herrring, pen~h, &c. We :find impressions
of leaves in rocks, remarkably well preserved, representing the genera
Platanus, Popul'us, Fagus, Liriodendron, Sassafras, JJiagnolia, Ficus, and
others. Some of these plauts indicate a warmer climate at one time in
this region than at present, though hardly tropical, or, as Dr. Newberry
has showu, not even sub-tropical, although on the Pacific co<lst species
of the palm and cinnamon, indicative of a tropical climate, are found.
It may be tllat wllen these rocks are more thoroughly studied, plants
of a tropical or sub-tropical character will be found. I take pleasure
in transeribing tlw following paragraph from Dr. Newberry's able report
on these plants:
At the base of the cretaceous series in New Jersey, occur a. coarse, soft sandstone
and bcus of saudy clay which contain a large nnmuer of fossillea>es, many of ·which,
collecte(l by Professor George H. Cook, of N cw Drnnswick, by Messrs. Meek, Hayden,
:mel other.-;, have been submitted to me for exa]llination. Unfortunately most of these·
leaves arc inclosed in [L material so coarse and frinble that they baTe been much broken
anu are scarcely susceptible of a,ccnrate study. They form, however, quite a rich :fl.ora.
which inclnues a nmnber of species not yet obtained from the cretaceous beds of the
\Ycst, ·with others that are apparently iclentical '"ith some obtaiuecl by myself on the
banks of the ·whetstone Creek in ·western Kansas. Among these plants is a beautiful
conifer, gcnCl-jcall)' ucw, as indicated by its cones, which are in a good state of preservation. Tlte plants from this district have not as yet been carBfnlly stmlic<l, and they
form an attracti>e subject for future investigation. In the circnmstauces of their fossilization they 1·eselllble the plants of the \Vest, a,nd apparently indicate an invasion
of the ocean, occasioned by a subsidence 1y which the limits of the continent were contracted, hnt to what extent on its eastern margin, we have no means of determining
accurately.
By 1·cferr.iug to the list of plants on a preceding page it will be seen that the cretaceous strata of the west eoast include some forms not yet discovered in the Kansas
and Nebrask:L bcus. Among these, Salisbnria, Sabal, Cinnarnommn, &c., are indicative
of a warm climate. Possibly these genera may hereafter be detected in the plant beus
of Kansas, Nebraska :ttul New Mexico, bnt as yet wo have no intimation of their existence, antl there is nothing now known in the cretaceous flora of that region v.-hich
gives it a tropical or cYen sub-tropical character.
lt will uc remembered that this vegetation grew upon a broad continental surface
of which the central portion was considerably eleva,ted. This vwuld give us a physical
condition not unlike that of the continent at the present day, and it woul(l seem to be
inevitable that the isothermal lines should be curved over the surface somewhat as
they arc at present. It may very well happen, therefore, that 'lYe shall find the pa,lms
and cinnamons restricted to the western margin of the cretaceous continent. It will
be seen by the notes now given of the tertiary :flora of our continent that at a. bt&
date palms grew in the same region where these cretaceous plants are founrl, bnt cinnamon anu other tropical plants seem to be entirely wanting in the tertiary flora of the
central parts of the continent, while on the west coast both palms and cinnamons
lived durin14 the tertiary period as far north as the British line. We have, therefore,
negative eviucnce from these facts-though it may be reversed at an early day by
further observations-that the climate of the interior of our eontinent during the
tertiary age was somewhat warmer than during the cretaceous periou, and that during
both the same relative differences of climate prevailed between the central anu western
portions that exist at the present day.

Near the entrance of the Big Sioux Hiver into the Missouri the
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Dakota Group disappears beneath the water-level, and is succeeded by
a series of black, plastic, laminated clays, with lighter-colored arenaceous
partings and thin layers of sandstone. Near the mouth of the Vermillion River the upper portion becomes more calcareous, and gradually
passes up into the next group. This formation has been called No.2,
or Fort Benton Group. It is often immensely thickened in the vicinity of the mountains from the north line to New Mexico, but on the
!.;ower 1\llissouri, where it was first observed by geologists, it never
reaches a thickness of more than one hundred and fifty or two hundred feet. In New Mexico it occurs as the most conspicuous of the
cretaceous divisions, and along the line of the Kansas Pacific Railway,
in Kansas, it has yielded large quantities of the most remarkable reptilian remains. In the chapter on the geology of that route I shall
have occasion to dwell more minutely on the interesting facts connected
with this group. On the Missouri River it has yielded a number of
species of Inoceramus, Scaphites, Arnonites, and some thin layers are
made up of remains of the scales and teeth of fishes. Farther up the
Missouri River, near the mouth of the Niobrara, and resting on these
sandstones and clays, is a thick bed of chalky limestone, containing
vast quantities of a small species of oyster, and a large bivalve, Inoceramus problemat,icus, which is identical in species, or closely allied
with one found in many portions of Europe. Some remarkable forms of
fishes, not unlike our shad or herring, also sharks' teeth, have been
found in abundance. A few other shells have been described in various
localities in this chalk, and all of them are of a strictly marine character l\f uch of this limestone, tb ough colored extensively with oxide of
iron, is soft, and leaves a mark on a blackboard or cloth like our common chalk of commerce. It is also composed largely of infusorial
remains, as distinctly shown under the microscope. This formation, as
well as the sandstone, is very widely distributed over the plain country
in Nebraska, Dakota, anu Kansas, and its influence on the agricultural
prosperity of these regions is very great. The fertility of the soil is
largely due to the calcareous matter of the one mingled with the silica
derived from the other. The bluff-like character of these chalky limestones, as shown along the channel of the l\'lissouri from the mouth of the
Niobrara to the mouth of White River, is well illustrated by Figure 2.
Fig. 2.

Bluffs of Niobrara Group, or Cretaceous No.3.

This is one of the most interesting of the cretaceous divisions. It is
found in some form wherever the cretaceous beds occur, from the north
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line to New :Mexico, and probably much farther. .As it is developed on
the Lower l\Iissouri, and southward tluoug·h Nebraska, Kansas, into
Texas and the Indian Territory, it contains thick, massive beds of
chalky limestone. On the Kansas Pacific Rail way, at Forts Hays and
Wallace, this limestone is sawed into bloeks of any desirable size with
a common saw, and nse<l for building purposes; but along the flanks of
the mountains, or in the far vVest, it never reveals its chalky character.
It is found in thin, slaty, calcareous layers, but universally characterized by the presence of the oyster, Ostrea congesta, and also some
form of Inoceramus, or a few fish remains, but the little oyster is
ubiquitous. We have spoken briefly of the lower series of cretaceous
rocks, as shown in the section. In these three divisions there seems to
be no well-marked line of separation, and the more '"e study them the
more intimately do they seem to be blended together. We shnll hereafter refer to the seams of coal that have been found in the Dakota
Group; and we will state just here that one local bed of carbonaceous
clay, which was used to some extent as fuel, was found in No.2, on the
Nebraska side of the :l\Iissouri, about thirty miles above Sioux City.
In no other portion of the West have we ever seen anythjng that approached coal in this group.
The Fort Pierre Group begins to overlap the Niobrara Group below
the month of the Niobrara, and above that point, although the river cuts
deep down into the chalk limestone, and long lines of cone-like bluffs
extend up nearly to the Great Bend, yet the distant hills on either side of
the river show plainly the dark, shaly clays of No.4. This formation covers a vast area of country, perhaps fifty thousand square miles or more,
and wherever it prevails it gives to the surface the aspect of desolation.
The entire thickness of the group is filled with the alkaline material
which is so well known in the 'Vest, and wherever the water accumulates
in little depressions and evaporates the surface is covered with a deposit
of the salt varying from an inch to several inches in thickneF<s. The
water that :flows through these clays is usually impregnated with these
salts and thus rendered unfit for use. .Although these clays seem to be
so sterile, and in the dry season are typical of extreme aridity, yet they
are by no means destitute of vegetation. The various species of chenopodiaceo1ts shrubs and herbs that are peculiar to the vVest find their natural habitat in these clays, and grow most luxuriantly. The sarcobatus
reaches its highest growth in this region. It is probable, however, that
tho country underlaid by rocks of this group will prove fertile when
it can be irrigated. The somber appearance given to the country by
the black clays is unfavorable to it. Nowhere except on the Upper
J\1issouri have I seen this formation so well defined. or so fruitful in organic remains. The two zones mentioned in the section may be said to
exist geographically as well as geologically. .At the Great Bend there
is a large thickness of tho strata filled with concretions that are made
up mostly of an aggregate of fossils, as .Ammonites, Baculites, &c. Near
Chain de Roche Creek these concretions have been swept down into the
:Missouri by the swift current during the spring :floods, and in the low
water of autumn they present a picturesque appearance, as is shown in
Fig. 3.
This fossil zone extends across the country in a nearly cast and west
direction. Passing above this point very few fossils, except here and
there a baculite or bones of the J11osasaurus, are found for one hundred
and fifty to two hundred miles, when another bPlt or zone of fossils extends across the country in the same direction. These zones undoubtedly
represent certain depths of the waters in the great. cretaceous sea, which
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were peculiarly favorable for the production ang existence of animal
life. Although the rivers cut deep channels through the different formations, we do not meet with the Fox Hills Group along the Missouri until we
reach nearly up to the mouth of Cannon Ball River, yet fifty miles or
Fig. 3.

Concretions in l\lissourri River, ncar Chain de Roche Creek.

more before reaching that point it has overlapped the Fort Pierre
Group. In traveling across the plain country westward from Fort
Pierre we find it occupying the entire area. Very soon after passing
west of the Big Cheyenne Ri\er the traveler will readily recognize
its presence by the more cheerful appearance that it gives to the surface,
as well as by the greatly incrrased growth of vegetation. The water is
pure and good, and springs become quite common in the hills. In this
group also there is a remarkable zone of fossils, exending across the
country in either direction from the :Missouri River. Near the mouth
of the Cannon Ball River, the surface is covered with rounded concretions of rusty-brown aremiceous limestone, crowded with beautiful moluscous fossils. This belt is quite narrow and extends eastward toward
the Coteau de Prairie, and westward between the Big Cheyenne and
Graml Rivers, along the north side of the Black Hills. I have thus
given the typical features which those groups assume on the :Missouri
River. As we recede from this region southward there are many
modifications, especially lithologically; yet to one familiar with them
they never lose all their characters, so that they cannot be detected.
Like the human face, neither time nor distance can so change it that
it does not retain some trace of its original features. In my explorations I have traced these groups over hundreds of miles in every direction, and I have no doubt that they extend from the Arctic Circle to
the Isthmus of Darien; and that at some future period they will be so
carefully studied at different points that they may be connected into
one harmonious group. All the facts that I have been able to gather
up to this time tend toward the nnity and simplicity of the geology of
the entire Rocky ~fountain system.
If the reader has the patience and interest to follow me through this
report, he will find frequent allusions to all these groups in the description of the geology of various localities. Some of these groups come
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to the surface very often, not unfl'equently in unexpected localities, as
is observed on the Yellowstone, where the fossiliferous beds of No.4 are
exposed in the channel of the stream for a distance of sixty miles.
Nowhere south of the Missouri River have I seen any locality where a
distinct line of separation could be drawn between the upper and lower
series, and it is probable that this line will be best shown on the Upper
Missouri of any portion of the West. The break here is quite plain,
lithologically, and so far as the organic remains are concerned, our explorations have not yet been able to secure a single species that passes
from one to the other. The next important feature in the geology of
the West are the great lake basins, which seem to set in the older formations and in each other like dishes, and these are most properly called
basins. The principal one is the Fort Union, or Great Lignite Group,
which forms the transition geoup from the strictly marine condition of the
cretaceous period to the epoch of the numerous fresh--water lakes \Yhich
were scattered all over the country west of the Mississippi. Now that
the attention of explorers has been called to this remarkable system of
lakes, I have no doubt they will be found to have existed all over the
western portion of the continent, from the extreme north to the far
south. In the chapter by Dr. Newberry on tho ancient lakes of the
West theye is a most graphic description, to which the reader is referred.
The following general section conveys a clear idea of tho different groups,
so far as they were known, up to the time of its first publication in the
proceedings of the Academy of Natural Sciences, December, 1861. As
these gremps will be freQuently rr.f0rred to in this report as well as succeeding reports, and as each year~s explorations extends their area or
adds new facts to our knowledge of them, it will be a matter of interest.
General section of the tertim·y 1·oCks of Nebraska.
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Feet.
LoupRiver Fine loose sand, with some layers of lime· 300to400 On Loup fork of Platte River, )
stone; contain~ bones of Oanis, Felis, Oas·
extending north to Niobrara
beds.
tor, Equtts, Mastodon, Testudo, &c., some
River, and south to an un.
of which are scarcely distinguishable
known distance beyond the >
from living species. Also Helix, Physa,
Platte.
Succinea, probably of recent species .
.All fresh· water and land types.
Bad Lands of White River, )
WhiteRiv· White and li~ht.drab clays, with some
1, 000
beds of san stone and local layers of or more.
under tho Loup River beds,
erGroup.
limestone. Fossils: Oreodon, Titanothe·
on Niobrara, and across the
1·ium, Ohceropotamus, Rhinoceros, .Anchi·
country to the Platt@.
therium, Hycenodon, Machairodus, Trionyx, Testudo, Helix, Planorbis, Limncea,
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Wind River Light.gray and ash·colored sandstones,
with
more
or
less
argillaceous
layers.
deposits.
Fossils : fragrllents of Trionyx, Testudo,
with largo Helix, Vivipara, petrified
wood, &c. No marine or brackish· water
types.
Fort Union Beds of clay and sand, with round ferruginous concretions, and numerous beds,
or Great
Lignite
seams, ancllocal deposits of lignite, great
numbers of clycotyledonous leaves,
• Group.
stems, &c., of the ~en era Platanus, .Acer,
Ulmus, Populus, ct:c., with very large
leaves of true fan palms. .Also Helix,
Melania, Vivipara, Corbicula, Unio, Os.
trea, Corbula, and scales of Lepido·
tm, with bones of Trionyx, Emys, Oompaemys, OrQcodilus, &c.
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to
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WindRiverValley; alsowest
of Wind River Mountains.

2, 000
or more.

Occupies the whole couutrl
around Fort Union, exten iug north into the British
possessions to unkno>vn distances; also southwal'(l to
Fort Clark. Seen under the
WhitoRivo. Group onNo<th
~ Platte River above Fort
Laramie. Also on west side
of Wind River Mountains. '
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"The passage from the brackish to the fresh-water beds in the oldest
member of the tertiary of this region seems not to be marked by any
material alteration in the nature of the sediments. Nor have we, so
far as is yet known, any reasons for believing that any climatic or other
important physical changes beyond the slow rising of the land, and the
consequent recession of the salt and brackish water, took place during·
the deposition of the whole of the oldest member of the tertiar,Y here,
since we find a considerable proportion of the species of fresh-water
mollusca ranging through this whole lower member. The principal difference between the fossils of its upper and lower beds consists in the
gradual disappearance of strictlybrackish-watertypes as we ascend from
.the inferior strata. The entire series of Nebraska tertiary rocks consists of three or four groups, three of which, at least, (and probably
four,) evidently belong to separate and distinct epochs. They usually
occur in isolated basins, but have, with one exception, all been seen in
such connection as to leave no doubts in regard to their order of superposition."
_
The most important thought evolved from the sturly of this Fort
Union Group is the fact, which we now believe is well established, that
it contains the history of the growth, step by step, of a most important
period of our continent. The area which it occupies is not yet known,
but every year it is extended north, south, and west. It is also characterized by numerous beds of coal, or lignite as it was formerly called,
and, so far as the Upper Missouri is concerned, most of the coal is true
lignite. It is quite probable that the coal-making period began in the
latter portion of the cretaceous era, and extended up into the tertiary.
The observations of geologists in New Mexico and Utah point to the
conclusion that large deposits of excellent coal occur in the upper cretaceous series. The field for minute study in this direction is immense,
and we must await the results of future explorations before we can decide positively. Another interesting feature connected with this group
is the splendid series of fossil plants which it has yielded, showing the
existence during the early tertiary period, on these now treeless plains, of
forests ofalmostsubtropicalcharacterand luxuriance. Dr. Newberry, the
celebrated geologist and botanist, has already described more than :fifty
species of plants from this group, which were collected on the Yellowstone and Missouri Rivers, many of them indicating forests of huge
growth. Among them are not less than eight species of Popul~ts, (poplars,) four species of Platanus, a sycamore, and a species of fan palm,
the leaves of which must have had a spread of nearly twelve feet. The
very interesting remarks of Dr. Newberry in this connection will be read
with pleasure and instruction by every student of geology :
These fossils are generally well preserved in a calcareo-argillaceous rock of a lightdrab color, upon which the leaves arc delineated with a distinctness that renders them
pleasant objects of study, as well as attractive specimens for the cabinet. They are
usually detached with their petioles in such numbers and forms as indicate maturity,
ancl a common cause of fall, such as an annual frost. The mollusks associated with
them show that they were deposited in the sediment which accumulated at the bottom
of some fresh-water stream or lake, and they are generally spread out so smoothly and
so entire, that it is evident no violence1 not even the action of a rapid current, could
h_ave been attendant upon their deposition. 'rhe sediment which inclosed them was
usually very :fine; a fact also indicative of a tranquil state of the water in which they
were suspended.
•
The explorations of Dr. Hayden prove that this miocene lignite formation occupies
the beds of extensive lakes, which :filled deep basins on the surface of the continent
when it had but recently emerged from the cretaceous sea. As bas been remarked
ei>ewhere, the lower members of the series contain a few estuary shells, showing the
access of salt water at the period of their formation; but during the deposition of bvfar
the greater portion of these heds, the water of the ocean was entirely excluded from
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the basins in which they accumulated. By tracing the outline of these deposits, Dr.
Hayden has demonstrated that shoots of fresh vnttor once covered surfaces in this portion of the continent which, in extent, rivaled tho great chain of fi·csh-water lakes
which exist else whore in our country at tile present day. There is, therefore, every rcason to believe tlmt the remains of ligneous phmts which compose this collection were
derived from trees which grew along the shon•s of the lakes and streams of the tertiary
continent; that then, as now, alternations of seasons prevaile(l, by which the foliage
of these trees was periodically detached, and that, falling into the waters beneath, or
ncar them, and sinking to the bottom, they were envelope(l in mud precisely as leaves
of our sycamores, willows, oaks, &c., accumulate at the bottom of our streams aud
lakes at present.
;
In comparing the group of plants here presented to us with those now living upon
the surface of the earth, any one will be at once struck with the resemblance which
they present to the ilora of the temperate zone, and more particularly with that of our
own country. In their study I have constantly found that on making comparisons
with the plants of remote, an(l especially tropical countries, an entire want of resemblance or affinity at once discovered itself, and the only instmctive comparisons made
have been with the present vegetation of our country, that of the miocene tertiaries of
Europe, awl ·w ith the liviug plants of China and Japan. There is every reason to belie-ve that future observatious will make immense additions to this flora, and satisfactory comparisous and generalizations will only be possible when a far more coml>letc series of its plants can be subjected to study. It is also trno that as yet little
other than the leaves of these plants have been collected and employed in the deductions made from them. From the character of the sediments which inclose these leaves,
it is quite certain that the fruit and seeds are also preserved in the strata from which
they were derived; but as they arc less conspicuous and noticeable than the leaves, they
arc little likely to be found unless especially sought, and it will only be when they are
made tho special objects of search that they will be discovered, and lend their important assistance in the solution of tho problems which the leaves present. For the
want of such information as these organs would supply, some of the material included
in tho collection docs not now admit of satisfactory classification, and the r eferences of
some of the leaves to the genera under which they are placed must b e regarded as proYisional and liable to modification by further research. Quite a number of these plants
are, however, so largely represented in the collection, so well preserved, and so clcm1y
allied to tho genom and species with which we are familiar, that they constitute fair
material from which to infer the general characters and affinity of the ilora of which
they form a part. In this list may bo mentioned the Glyptostrobus, of which the stems,
bearing the leaves of different forms, the cones anu the sterile capitula are all present,
and so closely resemble the specimens described by Professor Hoer from the miocene of
Europe, that they might also be conE'idered tho originals irom which his figures were
taken. The living analogue of this is G. heterophyllus of China.
The Taxocliurn now described is evidently a close analogue of Taxodium dubinrn of the
miocene of Europe; differing from that well-known species only in the uniform roundinp; of the bases and summits of the leaves.
The fossil which bas boon doubtfully referred to Sequoia Langsdorfii would probably
be regarde(l by foreign botanists as identical with that species, but for the reason given
in the remarks upon that plant, it seems to me quite doubtful whether it 'vas a Sequoia,
an<l more prouablc that it was a Taxodium allied to our deciduous cypress.
Tho great fan palm (Sabal Cctnl]Jbelli) collected by Dr. Hayden seems to be a representative of Sabctlmqjor of the European tertiaries, and Sabal palmetto of our Southern
States. From both these, however, it is distinguished by the large number of iolds in
the leaves, aml from S. major by its flat, unkcelcd petiole. Tho plate now given of this
species represents the umlor surface of the loaf and petiole, but the collection also contains fragments showing the upper surface; and in the collections of the northw·estcrn
boundary commission arc specimens obtained from the coast near Frazer's River, which
exhibit in fino preservation the upper surface of the base of the leaf and a large portion
of the pet iolo. From these latter specimens the species was originally described in the
journal of the Boston Natural History Society.
Tho numerous species of Populus, of which figures are now given, will not fail to
attract t.hc attention of those whose interest runs in this direction. Several of them
seem to be new to science, and show, for the most part, a greater affinity 'vith the foreign poplars, P. alba, &c., than with the specimens more common on this continent,
though a single one, P. gcnatrix, evidently belongs to the group of which onr balsam
l)Oplar may be taken as a typo. The little species described under tho name P. ?'otnndifolia presents some anomalies in form and structure as compared with most of our
poplars, but its resemblance to another species contained in this collection, P. elliptica,
"and one contained in the collection of the Northwest Boundary Commission, which I
described under tho name P.jlabellum, have induced me to class them together. Among
living species it has a striking analogue in Populzts pruinDsa now growing in Songaria.
The se-veral species of Platanus which the collection contains form a striking and in-
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teresting portion of this group of plants, and all seem to be quite distincb from the
fossil species hitherto described, or any now living. Of our American sycamores, the
leaves of P. occiclentalis are much more toothed, while those of P. 1·accmosa are more
deeply lobed than any of these. P. acm·oides, a species from the tertiaries of Europe, is
more closely allied to our living ones than these seem to be. The largest and finest of
those now described (P. nobiUs,) in its smoothness of surface, crowded and parallel
nervation, departs more widely from the typical species of Platanns than the others,
and has more the appearance of a tropical plant. An extensive series of comparisons
has, however, suggested no affinities closer than those with tho living Platanus, and
I have little doubt that in these leaves, of which tho collection contains a large number, we have representatives of the noblest ancl most beautiful species of the genus.
Two of the species of Corylus present no characters by which they can be distinguished from the two now distributed over the temperate portions of our continent (C.
1·ostrata and C. Americanct,) and I have, therefore, not felt justified in considering them
distinct. The Car·ya, figured, seems to me clearly to belong to this genus, and to be
closely allied to one of our living species. The Tilia also is not far removed from T.
hetemphylla, one of our southern living species; while the Negundo, Sapindus, &c., seem
to be the representatives of the genera and species now growing near the regions from
which these fossils come.
From this flqra, considering it the analogue and progenitor of that which now occupies our territory, we miss some important elements, and such as we may confidently
expect will be supplied by futnre collectors. Among the most striking of these
deficiencies may be mentioned Acer, Qnercus, Magnolia, Liriodend1·on, Liqnidambar·, Sassafras
&c., some of which, as we know, began their life upon the continent during the cretaceous period, and all of them were members of the miocene flora of the Old World.
Liqnidarnba1·, Quercus, and Magnolia occur in the pliocene beds of New Jersey, Magnolia
and Quercus in the miocene strata of the Mississippi Valley; Fagus also, which is wanting in the collection, has been obtained from the eocene by Mr. Lesquereux.
On comparing this flora with that of the miocene rocks of the west coast, we find
Smilax, Quercus, Sal,ix, Oreodaphne, Acm·, and Oinnamomum-all of which are represented
there-to be wanting here, while the Sabal, Glyptos~robus, and Taxodium are common to
the two floras.
Until further collections shall be made from the plant beds of the Upper Missouri, it
is evident that the deductions from the negative evidence of absent genera and species
must be regarded as unsatisfactory, but it is a fact, not without its significance, that
the genus Cinnanwmttm, which was largely represented in both the cretaceous and tertiary deposits of the west coast, and in the eocene of the eastern portion of the contiRcnt, should be entirely absent from the large amount of material collected by Dr.
Hayden.*
We are at least justified in saying that from the evidence now before us, we must
conclude that the flora of the banks of these inland lakes of the miocene period was
that of a temperate climate, not warmer than that of the middle portion of our Southern States, and somewhat less warm than that of the eastern portion of our continent
during the eocene period, or tho western during the miocene age.
The notes on some of the species contained in the collection made by Dr. Hayden,
Sequoia Langsdorfii, Sabal carnpbellii, Onoclea sensibilis, &c., have a bearing on the general
questions to which reference has been made in the preceding pages, but the occurrence
of an Onoclea among these miocene plants, and a species which I cannot distinguish
from the living one, seems to me a fact of so much importance as to require some additional comments.
The fern froncl found by the Duke of Argyle in the leaf beds of tho Island of Mull,
::md figured by :Professor E. Forbes in the Journal of the Geological Society of London,
(vol. vii, 1851, p. 103; Pl. II, Pigs. 2a, 2b,) and nam~d by him Felicites (?) hebridicus, is
unquestionably identical with this. The specimen from which the -figures I have referred to were taken seems to have puzzled Professor Forbes somewhat, for he doubted
if it was a fern ; and Professor Heer, in his reference to the fossil plants of the Island
of Mull, (Plor. Tert., Helvet., vol. iii, p. 314,) says: "The most remarkable species is
Felicites (?) heb1·idicus, a fern which by its nervation differs greatly from those of the
continent/' All these facts give this fossil special interest, for, in addition to its relations to its living representatives-of which we cannot but consider it the progenitor~
it adds another to the list of plants common to the miocene strata of Europe and
America.
Of these-either representative or identical species-the number is now so great that
they plainly indicate a land connection between the continents at that period; and ·
since many genera, and this, with probably some other species, at that time common
to the Old and New WorMs, have disappeared from Europe while they continue to
flourish here, it would seem to follow that these were American types which had colo*If it is true, as now seems probable, that a large part of the Bellingham Bay deposits are cretaceous,
that would account for this marked difference between the plants collected by Dr. Evans, Mr. Gibbs,
&c., from those collected by Dr. Hayden.
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nized Europe by migration; aNl that when their connection with their mother country
was severed they were overpowerefl and exterminated by the present flora of Europe,
which, as Professor Gray has shown, is mainly of North Asiatic origin.
The fact to which reference has just been made, viz, the occurrence of Onoclea 8Cil8ibilis on the Island of Mull, off tho west coast of Scotland, while it has not been found
in the tertiary beds of ot.her parts of Europe, is indicative, so far as it. goes, not only
of an American connection during the miocene period, but of an American origin for
that species; and so, by inference, of the other genera and species common to the two
continents during that epoch.
If this inference should be confirmed by fntl!.!'e observations, we shonlcl then see how
the eocene tropical or subtropica.l flom of Europe was crowded off the stage by the
temperate flora of the miocene, which latter, accompanying a depression of temperature, had migrated from America, while the eocene flora. retreated south and east, and
is now represented by the living Indo-Australian flora-cha.racterized by its Hakem,
Dynanclrm, Ucalypti, &c., &c., which form so conspicuous an element in the eocene flora
of Europe. This theory would account for the presence of these tropical forms in
the lower miocene of Europe, while, so far as yet ouserved, they are entirely absent
from the miocene flora of America. Iu Europe a f~w of the eocene forms lingered behind in tho grand exodus of that flora, and mingled with the more uorcal and occidental barbarians by which the country was overrun, while in America these which
we now call Asiatic forms never had an existence.
That this bridge between America and Europe was in a temperate climate is proved
by the cha.racter of the plants which passetl over it. Ou referring to a terrestrial globe
it will be seen that by way of Greenland, Iceland, and th') Hebrides, there are no very
wide gaps to be spa.nnt'd; but a connection by tha,t route would carry ns so far into the
Arctic zone that none of the plants which we suppose to have made that jomney could
ha.ve withstood the cold if the climate had been the same as at present. \Ve have conclusive evidence, however, that it was not so, for on McKenzie's River, Disco Island,
on Iceland and the Island of Mull, we have, in the recurrence of parts of the very ilora
under consideration, proof, not only of a warmer climate at the far north during the
miocene epoch, but that a part of the plants which formed the miocene flora. of Rurope
actually did travel that road; at least, that they visited all these localities, and, in the
buried remains of generations which were never to see the promised land, left ns imperishable records of the reality of this migration.
That we cannot, without further study, assign a cause for this great change of climate
in the northern part of om· continent, is no proof against its existence, for the facts
still remain; the cause of the phenomena is simply a thing to be learned. Several possible causes might be mentioned, but of those which suggest tlwmselves, the deflection
of the Gulf Stream seems to me the most natural, simple, and best to account for an
elevation of the temperature of Greenland, Iceland, &c. \Vhether this cause woulcl be
sufficient to account for all the phenomena is at least cloubtfnl. A diminntion of the.
land surface at the north, if it could be proved, would help to solve the enigma. Probably several causes conspired to produce this effect, uut they were apparently local, or
at least terrestrial, as a cosmical cause, producing a general elevation of temperature
on the earth'B surface, would have given us a tropical flora on the Upper Missouri,
whereas we fin(l in the miocene flora there, as yet, really no tropica.l plants.

There is one other basin near the sources of the Missouri River which
has already yielded many fossils of great interest, but which seems to be
isolated from the others. This is what l have called the Judith basin,
and inasmuch as it seems to be one of the ancient lake deposits, all(l
characterized by a peculiar group of organic remains, I will designatf.
the strata as the Judith Group. The sediments do not differ materially
from those of the l!~ort Union Group, and they contain impure beds of
lignite, fresh water mollusca, a11d a few leayes of deciduous trees. But
the most remarkable feature of this group is the number and variety of
the curious reptilian remains, of which we have only yet caught a
glimpse. There is probably no portion of the West that furnishes such
a harvest of fossil remains and instrncti Ye geological facts as the conn-•
try bordering on the Missouri River, from the mouth of the Yellowstone
to the foot of the mountains above the great falls of the 1\Iissouri; and
as this country is reserved for examination the coming season, 1
will leave the obscurity which now invests it to br; cleared in the next
annual report .
.All the groups of rocks now known to occuriv. the Northwest are well
shown along the flanks and among the foot-hiPs of the mountains. The
1
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smaller ranges, as the Little Rocky, Judith, Bear's Paw, and Belt ranges,
form the most interesting studies. As a rule, a central mass or nucleus
of metamorphic rocks is elevated above the surrounding plain, and
around these nuclei are exposed the Jurassic, triassic, carboniferous, and
Potsdam rocks, in their order of sequence. But nothing short of a topographical survey, in connection with the geology, will make the structure of this region clear to the scientific world.
The Black Hills of Dakota will form one of the most interesting
studies on this continent. There is so much regularity in the upheaval
that all obscurity is remoYed and aU the formations known in the \Vest
are revealed in z~ones or belts around the granitic nucleus in their fullest
development. A careful detailed topographical and geological survey
of this range would be a most valuable contribution to science. In all
the western country I have never seen the cretaceous, Jurassic, triassic, or
red-beds, the carboniferous and Potsdam rocks, so well exposed for study
as around the Black Hills.

CHAPTER VIII.
*FROM OMAHA TO CHEYENNE.

In the preceding chapter I have given a brief review of the geological formations of the Northwest, as revealed by that grand natural section, the valley of the Missouri River. We are now prepared to proceed on our journey westward.
The city of Omaha is most beautifully located on the western bank of
the 1\iissouri Hive.r, on a second terrace, about fifty feet above the water·
level of the river. Terraces of the kind alluded to form a peculiar feature along the 1\iissouri River and its tributaries, and are found from
the foot of the mountains to its mouth, and in many instances they seem
to afford most beautiful natural sites for cities. I will not, at this time,
enter into an explanation of the causes which produce these terraces,
but simply remark that they perhaps indicate oscillations of level in
the surface, or the gradual recession of the waters toward the sea,
and that, far back in the past, each one of them has at one time formed
the bed of the river. They also seem to indicate that formerly the Missouri carried to the ocean a \astly greater volume of water than at present. Another feature will at once catch the eye of the observing traveler, and that is the marvelous fertility of all this region. The wide
grassy bottoms are black with rich vegetable matter to an almost indefinite depth, while the upland terraces and hills are covered with a deposit of yellow marl, varying from twenty to one hundred and fifty feet
in thickness. There seems to be evidence that the ocean or a lake once
extended up the valley of the Mississippi, and up the Missouri beyond
the reach of tidal influences nearly to Fort Pierre, and that the myriads
of mountain streams poured their fresh waters into the ·great arm of
the sea, or estuary. These numerous streams, flowing through the soft
marls, sands, and clays of the grea.t plain country, mingling their sediments in tbe waters, and deposited them in the bottom of this estuary.
*In chapters VIII to XIII inclusive, numerous extracts ha;ve been taken from the
text of a volume entitled "Sun-Pic:tures of Rocky Mountain Scenery," and an article
published in tho proceedings of the American Philosophical Society, Philadelphia, February 19, 1869, by the writer. These papers necessarily have a very limited circulation,
and as these official reports are designed for distribution far and wide among the people,
.this will be a sufficient excuse for introducing them in this connection.
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The channels of all the larger rivers had been marked out prior to this
time, for we find that these superficial deposits reach their greatest
thickness in the immediate Yalley of the :Missouri River and thin out as
we pass up the valleys of its tributaries on the east and west side, while
they almost cease to appear near the mouth of White Earth River.
The question at once occurs, at what time diu this geographical condition of the country exist o~ We believe that it forms a part of what
is called the quarternary period in geology, which, though very modern,
geologically speaking, really extended far back in the past before the
existence of man on this continent, judging from the evidence we have
been able to secure up to the present time. If we examine the numerous cuts, or washed bluffs, which we find eY"erywhere, we .shall discoYer
a great Yariety of fresh-water and land shells, as Helices, Paludinas,
Succinneas, &c., and here and there the remains of the mastodon and
elephant. In the year 1867, while prosecuting the geological survey of
Nebraska, under the General Government, I obtained from these marls
fine specimens of the molar teeth of the Elephas ctmericunus or American elephant, and the mastodon, M. amzericamts. These remains of
gigantic extinct animals are mingled with those of animals existing in
tllis region at the present time, such as rabbits, mice, gophers, beavers~
buffaloes, deer, &c., which have been found in great quantities. Nearly
all the shells are identical with living species which are abundant in
some of the streams flowing into the Missouri and the Mississippi. In
the banks of some of the little streams, oftentimeR buried ten to twenty
feet beneath the surface, are large accumulations of shells, as snails, freshwater mussels, &c., while very few and perhaps none exist at the present
time in the immediate vicinity. Sometimes, in the fine vegetable matter
that accumulates along the Missouri River from the annual floods. can
be seen bushels of minute snail shells, yet not a snail can now be found
alive anywhere in that region. We account for. this by some change
in the physical conditions which were once very favorable for their existence and increase. The waters of the little streams were far clearer
and purer than at present. Now, at certain seasons of the year, they
become so charged with sediment that molluscous life eannot exist.
This is the case with the Missouri River from the foot of the mountains
to its mouth, and scarcely a shell can be found in its waters ; but in
some of its tributaries, as the Big Sioux, J ~mes, Vermillion, &c., that
flow in from the north, there is the greatest abundance.
The traveler.will very naturally inquire, why, with all this wonderful fertility of soil, these broad, grass-covered plains do not contain a
suitable supply of forest trees. We will endeayor to answer this question in another place. He will find, as he travels over the State of Nebraska, that the time is not very distant when portions of the country
will be covered with beautiful artificial forests, an<l we "\vill attempt to
show that this is only a restoration of conditions that once existed far
in the geological past.
Before leaving the Missouri River I will refer briefly to an interesting
phenomenon which I shall work up in detail at some future time. The
proofs of glacial action in the West are not common or very remarkable in their character; still they are shown to a certain extent, not only
in the mountains but also in the plains. Along the Platte River, below
Omaha, and. ou t he Missouri, noar the city, the carboniferous limestones
have had their upper surface so thoroughly smoothed by glacial action
that they can be quarried out and used for caps and sills without any
further finish to them. And the process seems to have been carried on
with wonderful uniformity, for the upper surface seems to be as level a:s
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if it had been wrought with a plumb line. There are a few small grooves
or scratches, and by means of a compass I ascertained the direction to
be about 27° west of north, or about northeast and south west. There
seem also to be two sets of scratches crossing each other at different
angles.
It would appear, from the evidence we have, that all the limestones
underneath the yellow marl aml pebble deposits around Omaha. and
south to the Platte River, were smoothed or planed off by immense
masses of ice passing over them, for whereyer these superficial deposits
have been stripped, the upper rocky layers are planed off with remarkable smoothness. In the mountains proper, the evidences of glacial
action are noj uncommon, especially on the sides of the deep valleys and
gorges, but the causes were local and operated when the temperature of
the climate was much lower than it is at present.
Westward from Omaha we wend our way among the rounded grassy
hills which rise in wave-like undulations as far as the eye can reach in
every direction. The first glance at such a scene strikes the stranger
with astonishment at its wonderful beauty, but it soon becomes so monotonous that any flat plain or rugged mountain is a relief. About thirty
miles to the westward the road passes out of the hills into the valley of
the Platte, and the journe,y westward is one gradual ascent to the mountains, walled on either side by more or less abrupt hills or bluffs. Here
we may stop for a while to discuss some of the more important geological features for the first one hundred miles of our route. The surface
<leposits over this area possess no small degree of interest, both in au
economical as well as scientific point of view, ~)ut I have already sufficiently explained their character. They seem, however, to occupy a
very large area in this portion of Nebraska, concealing almost entirely
the underlying or basis rocks. The geology, therefore, becomes somewhat obscure, and can be studied only at a few outcroppings, from point
to point. The principal exposures are along the Platte, where the river
has cut a wide and deep channel through the surface of the country.
The fact, howmyer, that the strata m·e very nearly horizontal, that there
are no upheavals nor mountain elevations to disturb the original positions of the beds, aids us much in our investigations. We believe that
the whole of Douglas County is underlaid by the limestones of the upper
coal measures, with perhaps a moderate thickness of the rusty sandstones of the lower cretaceous or Dakota Group lying above them in the
western portion of the county. At the mouth of the Platte these coalmeasure limestones are very conspicuous, and supply the greater portion of the building stones of this region. The dip, if any, is quite gentle toward the northwest, and at tllC mouth of the Elkhorn River the
carboniferous limestones have passed beneath the water-level of the
Platte, not to be seen again until we arrive at the eastern margins of
the Rocky Mountaips. Overlying these are the ferruginous sandstones
which contain the im,pressions of deciduous leaves. Near the mouth of
Elkhorn are some of the abrupt bluffs of this sandstone, and the soft,
yielding nature of the rock has enabled the Indian to record on it his
curious hieroglyphical history.
Fig. 4 illustrates the sandstone bluffs as they occur on Little Blue
River in the southern portion of Nebraska.
The question often arises in the minds of visitors to this region, how
the law of compensation supplies the want of fuel in the absence of trees
for that use. Many persons have taken the position that the Creator
never made such a vast country, with a soil of such wonderful fertility,
and rendered it so suitable for the abode of man, without storing in the
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earth beus of carbou ior his needs. If this idea could be shown to be
true in any case, we would ask why are the immense beds of coal stored
away in the mountaius of Pennsylvania and Virginia, while at the same
time the surface is covered with dense forests of timber~ We now know
Fig. 4.

Cretaceous No. 1, on Little Blue River, Nebraska.

that this law does not apply to the natural world, and if it did, this
western country would be a remarkable exception. Tile State of N ebraska seems to be located on the western rim of the great coal basin
of the West, a.nd only thin seams of poor coal will probably ever be
found. But in the vicinity of the Rocky Mouutains, in Wyoming and
Colorado, coal in immense quantities has been hidden away for ages,
and the Union Pacific Railroad has now brought it near the door of
every man's dwelling.
These Rocky Mountain coal beds will one day supply an abundance
of fuel for more than one hundred thousand square miles along the Missouri River of the most fertile agricultural land in the world. Every
acre of land in Eastern Nebraska is already in possession of the thriving farmer, and some of the most beautiful farms in the West can now
be seen there. Although comparath ely new, it looks like an old settleu
country. Farm-houses and small villages meet the eye in every direction, and the great interest which the more intelligent and enterprising
citizens have taken in tree-planting is covering the once naked hills with
the most elegant artificial groves. The time is not far distant when
Nebraska will be noted all over the world for the grandeur and beauty
of its agricultural portions. Being composed entirely of plain country,
with rocks of comparatively modern age, all holding a horizontal position, or nearly so, without a single mountain range within its boundaries, :Nebraska can never l:e remarkable in any way for its mineral resources. It is true that it has its salt .springs, which are annually becomiug more important and valuable. These springs are locateu near
Lincoln, the capital of the State, and the saline water flowing from them
into Salt Oreek has given character to quite an important tributary of
the Platte for thirty miles or more. This stream flows through a most
beautiful, rolling, fertile region, covered with splendid farms, and has a
7
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deep channel, with steep muddy banks, a kind of forbidden object. Not
a being can drink its waters, nor until near its entrance into the Platte
do they, by accession of little streams and springs, become sufficiently
freshened for the use of animals.
The valley of the Platte is a natural avenue through the country,
from the foot of the mountains to the Missouri, and all the earthy materials which could possibly have existed over this vast area, from the
summits of the highest hills on either side, and I know not how much
more, have, in the lapse of ages, been swept down into the Missouri
River and then conveyed to the ocean, to be distributed over its bottom
to form layers for the study of future geologists. We may arrive approximately at the number of square miles of sediment which have been
removed from this valley. It is at least :five hundred miles in length,
and from bluff to bluff will average more than four miles in width for
the entire distance. Taking this low estimate as a basis, we have two
thousand square miles of area literally carved out and carried away.
We cannot compute the thickness of the sediment at less than one thousand feet, and it is altogether probable that it was much more. This vast
change gives evidence of the tremendous forces of nature that have been
continually at work all over this region. West of the mouth of the Elk
Horn River the valley of the Platte expands widely. ·T he hills on either
side are quite low, rounded, and clothed with a thick carpet of grass.
But we shall look in vain for any large natural groves of forest trees, there
being only a very narrow fringe of willows or cottonwoods along the
little streams. The Elk Horn rises far to the northwest in the prairie
near the Niobrara, and flows for a distance of nearly two hundred miles
through some of the ·most fertile and beautiful lands in Nebraska.
Each of its more important branches, as Maple, Pebble, and Logan
Creeks, has carved out for itself broad, :finely-rounded -valleys, so that
almost e-very acre may be brought under the highest state of cultivation. The great need here will be timber for fuel and other economical
purposes, and also rock material for building. Still the resources of
this region are so -vast that the enterprising settler will devise plans to
remedy all these deficiencies. He will plant trees, and thus raise his
own forests and improve his lands in accordance with his wants and
necessities.
These valleys ha-ve always been the fa-vorite places of abode for numerous tribes of Indians from time immemorial, and the sites of their old
-villages are still to be seen in many localities. The buffalo, deer, elk,
antelope, and other kinds of wild game, swarmed here in the greatest
numbers, and as they recede farther to the westward into the more arid
and barren plains beyond the reach of civilization, the wild nomadic
Indian is obliged to follow. Geese, ducks, and other kinds of wild fowl,
with now and then a stray antelope or red deer, may yet be seen, and
the enterprising hunter may treat himself to a large amount of toil and
a small amount of game. The underlying rocks, as far west as Columbus aud beyond, though very se!dom visible, are well known to belong
to the chalk period, and consist of yielding sands, clays, and chalky limestones. These soft rocks, so readily crumbling under the atmospheric
influences, ha~-e given a very gently-undulating and rounded appearance
to the entire surface. One may travel for days in this region and not
:find a stone large enough to toss at a bird~ and very seldom a bush sufficient in size to furnish a cane. Yet this region is settling up with
emigrants with great rapidity; railroads are now in progress of collstruction, or are in contemplation, and villages are springing up in numerous localities. The principal ones at the present time are Fremont
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and Columbus. The latter, from its supposed central geographical position, has been regarded as the possible seat of the capital of the United
States in case of its removal to the West.
Soon after leaving Columbus we cross Loup Fork or Wolf River, an
important branch of the Platte, which rises in the Sand Hills, one hundred and fifty to two hundred miles to the northwest, and drains a large
area of country. In the summer of 1857 I had the opportunity of following it up from mouth to source in connection with an expedition
under the command of Lieutenant (now General) G. K. Warren, United
States Army. Its lower portion passes through an extremely fertile
region, but above the Pawnee Reservation the Saud Hills begin to monopolize the country and render it unfit for settlement.
vVe now p~tss the eastern shore of one of the most interesting and
most wonderful of those great lake basins which are found all oYer the
""'\Vest from the Missouri RiYer to the Pacific coast; there is no water
in it at the present time, and its existence is only known to the student
of geology. During the tertiary period 1t occupied an area of at least
one hundred thousand, and yery possibly one hundred and fifty thousaud, square miles. It will thus be seen that our greatest northern
lakes, of which we so proudly boast, are but ponds in comparison with
some that once existed in this mountain region. The close observer
will notice at once that he is passing into a district the rock formations
of which are qu:te different from auy that he has seen before. He finrls,
also, that he is passing beyond the signs of great fertility, luxuriant
T"egetatiou, finr farms, and fields of grain, to a comparatively arid, sterile
region; still, the broad bottoms of the Platte are covered with a fair
growth of grass, but the chances for the successful cultiYation of crops
of any of the cereals are very small. The soil becomes too thin, sandy,
and arid for the growth of anything more than a scanty Yegetation.
\Ve mjght linger here for a moment and inquire into some of the
causes that have produced this scantiness of ycgetation and almost
entire absence of trees over so large an area. There is quite a remarkable belt or zone of country along the eastern base of the Rocky ·l\Iountains, extending from the .Arctic Sea far south to l\Iexico, upon '\hich
bnt a small amount of moisture e-ver falls. This has often been denominated the Great .American Desert. In years past this belt was supposed to comprise the greater portion of the area lying between the 1\Iis:-;onri Hiver and the foot of the mountains, but m-ery year as we know
more and more of the country this belt becomes narrower and narrower,
and as a continuous area it has already ceased to exist, mTen in irnaginatLm. There are, howeYer, large portions of the country that are comparatin'l.Y worthless and arid, which may be called barren or sterile.
lt is uow pretty well understood that the cause of the absence of timber
in this great region is want of moisture.. A very clear explanation of
. this subject, and one whieh seems in accorl1ance with the facts, is given
hy Professor Dana in Silliman's J ourual, vol. 40, page 393. If we were
to examine a rain chart we shou1d find that where the forests are most
luxuriant, as along the .Atlantic coast in the southern portion of the
::\'IissiRsippi Valley, the greatest amount of rain falls annually-!::my fifty
t1) sixty-five inches; and as soon as we approach any of the interior l>asins
of the western continent, or any portion of this dry belt, we observe that
the amouut of moisture diminishes to thirty, t\venty, fiftpen, ten, aud in
some case~ to as low as five inches, annually. Again, along the Mis~ouri River, where the vegetation is quite extensive and the forest trees
abundant, we h::we twenty to thirty inches of rain; but as soon as we
pass to the westward three hundred miles we ha,Te but ten or fifteen
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inches. On the Pacific coast of Oregon and Washington, whose gigantic
forests are celebrated all over the world, we find that from fifty-five to
sixty-five inches of rain fall annually. We might multiply these illustrations, but the evidence ~eems to be conclusive.
There is another point that may be worthy of note here, and that is
the prevailing impression amoug all the inhabitants of the West of a
gradual change of climate by settlement and the cultivation of the soil.
It is true, that over a width of one hundred miles or more along the
:Missouri Hiver the little groves of timber are extending their area; that
springs of water are continually issuing from the ground where none
were ever known before; and that the distribution of rain throughout
the year is more equable. Such being the case, time may work important changes, and settlements may at some time cause a large portion
of that belt which has hitherto been regarded as given up to sterility to
become of Yalue for the abode of man.
The valleys of the Loup Fork and the Niobrara Rivers, although
largely uninhabitable, are full of interest to the geologist. Located
along these rivers is one of those grand cemeteries of extinct animals
which have excited the wonder of intelligent men all over the world.
Further to the northwest, on White Earth River, is another of these
far-famed bone deposits. These two interesting localities bear such a
relation to each other in the order of time and the relationship of the
animals preserved in them, that they should be described in the same
connection. I will therefore take the reader at once to the valley of
White Earth River, near the southwestern base of the Black Hills, and
there we shall behold one of the wildest regions on this continent. It
has always gone by the name of "Bad Lands;" by the Canadian
French as "llia~tva.ises Terres; " in the Dakota tongue, '' Jlfa-lco6-si-tclta.'·
These words signify a very difficult country to travel through, not only
from the ruggedness of the surface, but also from the absence of an.r
good water and the small supply of wood and game. In the summer
the sun pours its rays on tlle bare white walls, which are reflected on the
weary traveler with double intensity, not only oppressing him with the
beat, but so dazzling his eyes that he is not unfrequently affected with
temporary blindness. I have spent many days exploring this region
when the thermometer was 112° in the shade and there was no water
suitable for drinking purposes within fifteen miles. But it is only to
the geologist tllat this place can bave any permanent attractions. He
can wind his way through the wonderful canons among some of the
grandest ruius in the world. Indeed, it resembles a gigantic city fallen
to decay. Domes, towers, minarets and spires may be seen on every
side, whicll assume a great variety of shapes when viewed in the distance.
Not unfreqnently the rising or the setting sun will light up these grand
old ruins with a wild, strange- beauty, reminding one of a city illuminated in the night when seen from some high point. The harder layers .
project from the sides of the valley or calion with such regularity that
they appear like seats, one above the other, of some vast amphitheater.
It is at tlle foot of these apparent architectural ruins that the curious
fossil treasures are found. In the oldest beds we find the teeth and
jaws of a Hyopotamus, a river horse much like the Hippopotamus, which
must ha,·e sported in .his pride in the marshes that bordered this lake.
so; too, the Tltauotherium, a gigantic pachyderm, was associated wit.h a
species of hornless Rhinoceros. These huge rhiuoceroid animals appear
at first to haYe monopolized this entire region, awl the plastic, sticky
clay of tlle lowest bed of this basin, in which the remains were found,
seems to have formed a suitable bottom of the lake in wllich these thick-
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skinned monsters could wallow at pleasure. As we pass higher up in
the sediments, we find the remains of a great variety of land animals
mingleu with those that were aquatic in their nature. In a bed of :fleshcolored marl which is visible for a great distance, like a broad band in
the sides of these washed hills, thousands of turtles were imbedded, and
are preserved to the present time with surprising perfection, the hard
portions of them being as complete as when they were swimming about
in these tertiary waters hundreds of thousands of years ago. They
vary in size from an inch or two in length across the back to three or
four feet. But one species has ever been discovered in this basin, and
so far as we know these reptiles made up in numbers what they lacked
in variety. Associated with the remains of the turtles, are those of a
number of ruminants, all belonging to extinct genera~ and possessing
peculiar characters which ally them to the deer and the hog. Inueed,
Dr. Leidy calls them ruminating hogs. Like the domestic species, they
were r)rovided with cutting teeth and canines, but the grinding teeth
are constructed after the same pattern as those of all living ruminants.
The feet. of these animals were also provided with four toes as in the
hog, and none of them possessed horns or antlers. They appear to
have existed in immense numbers, and to have lived in great herds like
the bison of the West. Remains of more than seven hundred individuals
of one species have been already studied and described by Dr. Leidy.
Their enemies were numerouR wolves, hyamodons and saber-tooth tigers.
If we pass for a moment southward into the valleys of the Niobrara
and Loup Fork, we shall find a fanna closely aiiied, yet entirely uistinct
from the one on vVhite River, and plainly intermediate between that of
the latter and of the present period; one appears to have lived during
the middle or miocene tertiary period, anu the other at a later time in
what is cailed the pliocene. In the later fauna were the remains of a
number of species of extinct camels, one of which was of the size of the
Arabian camel, a second about two-thirds as large, also a smaller one.
The only animals akin to the camels at the present time in the western
hemisphere are the llama audits allies in South America. Not less interesting are the remains of a great variety of forms of the horse family,
one of which was about as large as the ordinary domestic animal, and
the smallest not more than two or two and a half feet in height, with
every intermediate grade in size. There was still another animal allied
to the horse, about the size of a Newfoundland dog, which was provided
with three hoofs to each foot, though the lateral hoofs were rudimental.
Although no horses were known to exist on this continent prior to its
discoYery by Europeans, yet Dr. Leidy has shown that before the age of
man this was emphatically the country of horses. Dr. Leidy has reporteu twenty-seven species of the horse family which are known to have
lh-eu on this continent prior to the advent of man-about three times
as many as are now found living throughout the world.
Among the carnivores were several foxes and wolves, one of which
wa~ larger thau any now living; three species of Hy::enodon-animals
whose teeth indicate that they were of remarkably rapacious habits;
also five animals of the cat tribe were found, one about the size of a
small panther, and another as large as the largest wolf. Several of the
skulls of the tiger-like animals exhibited the marks of terrible conflicts
with the cotemporary Hy::enodons.
Among the rodents were a porcupine, small beaver, rabbit, mouse, &c.
The pachyderms, or thick-skinned animals, were quite numerous and
of great interest, from the fact that none of them are living on this
continent at the present time, and yet here we :find the remains of sev-
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eral animals allied to the domestic hog, one about the size of this animal,
another as large as the African Hippopotamus, and a third not much
larger than the domestic cat.
Five species of the Rhinoceros roamed through these marshes, ranging
from a small, hornless species, about the size of our black bear, to the
largest, which was about the size of the existing unicorn of India. No
animals of the kind now inhabit the western hemisphere.
Among the thick-skinned animals were the remains of a mastodon
and a large elephant, distinct from any others heretofore discovered in
any part of the world. Dr. Leidy says that "it is remarkable that
among the remains of mammals and turtles there are none of crocodiles.
Where were these creatures when the shores of the ancient Dakotan
and Nebraskan waters teemed with such an abundant provision of savory ruminating hogs~" During the tertiary period Nebraska and
Dakota were the homes of a race of animals more closely allied to those
inhabiting Asia and Africa now, and from their character we may sup·
pose that during that period the climate was considerably warmer than
it is at present. The inference is also drawn that our world, which is
usually called the new, is in reality the old world, older than the eastern
hemisphere.
Ever since the commencement of creation, constant changes of form
have been going on in our earth. Oceans and mountains have disappeared and others have taken their place. Entire groups of animal and
vegetable life have passed away and new forms have come into existence, through a series of years which no finite mind can number. To
enable the mind to realize the physical condition of our planet during
all these past ages is the highest end to be attained by the study of
geological facts. It has been well said by an eloquent historian that
he who calls the past back again into being, enjoys a bliss like that of
creating.
We may attempt to form some idea of the physical geography of this
region at the time when these animals wandered over the country, and
to speculate as to the manner in which their remains have been so beautifully preserved for our examination.. We may suppose that here was
a large fresh-water lake during the middle tertiary period; that it began
near the southeastern side of the Black Hills, not large at first nor deep,
but as a marsh or mud-wallow for the gigantic pachyderms that lived
at the time; that as time passed on it became deeper and expanded its
limits until it covered the vast area which its sediments indicate. We
cannot attempt to point out in detail all the changes through which we
may suppose, from the facts given us, this lake has passed, during the
thousands of years that elapsed from its beginning to its extinction, time
long enough for two distinct faunm to have commenced their existence
and passed away in succession, not a single species passing from one
into the other. Even that small fraction of geological time seems infinite to a finite mind. We believe that the great range of mountains
that now lies to the west of this basin was not as lofty as now; that
doubtless the treeless plains were covered with forests or grassy meadows
upon which the vast herds of gregarious ruminants cropped their food.
Into this great lake on every side poured many little streams from broad
valleys, fine ranging ground for the numerous varieties of creatures
that existed at that time. Large numbers of fierce carnivorous beasts
mingled with the multitudes of gregarious ruminants, constantly devouring them as food. As many of the bones, either through death by violence or natural causes, were left in the valleys, they would be swept
down by the first high waters into the lake and enveloped in the sedi-
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ments at the bottom. As the gregarious ruminants came down to the
little streams or by the shores of the lake to quench their thirst, they
would_be pounced upon by the flesh-loving Hyamodon, Drepanodon, or
Dinictis. It was probably near this place also that these animals would
meet in fierce conflicts, the evidences of which remain to the present
time in the cavities which the skulls reveal; one of these, of a huge
cat, shows on either side the holes through the bony covering which had
partially healed before the animal perished, and the cavities seem to
correspond in form and position with the teeth of the largest Hyrnnodon.
Tbe remains of those animals which, from their very nature, could not
have existed in great numbers, are not abundant in the fossil state,
while those of the ruminants occur in the greatest abundance and are
widely diffused in the sediments not only geographically, but vertically.
The chances for the preservation of the remains of a species seem to
depend upon the number of individuals that existed. The remains of
ruminants already obtained comprise at least nine-tenths of the entire
collection, while of one species, portions of at least seven hundred individuals have been discovered. We might take examples from the animals that exist in this region at the present time that would illustrate
the point. The wolves watch the deer, antelope, and other feebler animals as they go down to the little streams for water, and all over the
wide bottoms their skeletons are distributed in a more or less perfect
condition. Whenever a bison becomes too feeble by disease or age to
offer a successful resistance, the wolves soon dispatch him, and his bones
are left bleaching on the ground. In most cases these animals when
pursued betake themselves to the water, where tlley are not unfrequently
drowned, or dispatched on a sand-bar or island. .c\..nnually, thousands
of buffaloes, in attempting to eross the Missouri River and some of its
large tributaries on the ice as it is breaking up in the spring, are
drownecl. For many days their bodies are seen floating down tile river
by Fort Union or Fort Clark, and lodging on some of the islands or
sand-bars fill the air with the stench of their decay. In the spring of
1857 thousands of their bodies floated down the Kansas River past Fort
Riley and were carried into the Missouri River. These animals are often
mired in the marshes or the muddy shores of lakes or streams in great
numbers. We know what vast numbers of the mastodon have been
preserved in the Big Bone Licks of Kentucky, and of the Irish elk in
the bogs of Ireland. We might instance hundreds of examples to show
how easily these animals, roaming and feeding along the numerous
streams flowing into some great lake, could be transported in part or
entire into the lake, and sinking to the bottom would be enveloped in
the muddy sediments.
There is another interesting feature in regard to these remarkable
fossils, and that is the beauty and perfection of their preservation; the
bones are so clean and white and the teeth so perfect that, when exposed upon the surface, they present the appearance of having bleached
only for a season. They could not have been transported from a great
distance, neither could the waters have been swift and turbulent, for
the bones seldom show any signs of having been water worn, and the
nice sharp points and angles are as perfect as in life. I have dwelt thus
long on the details of this great lake basin, not only on account of the
universal interest that invests it, and the wonderful treasures of the
past which it bas revealed to the world, but because its history is applicable in the main to the numbers of the other fresh-water lake basins
of the geological past which are distributed throughout the Rocky :Mountain region.
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Before leaving this subject, there is another interesting topic of inquiry: wlly such a beautiful series of vertebrate remains should be so
perfectly preserved in this-l:tke deposit, and yet the remains of other
forms of animal and vegetable life be almost entirely absent. The sediments seem to be peculiarly adapted to the preservation of a full series
of documents bearing upon the history of those times. And yet in the
older beds, where the mammalian remains are most abundant, only one
small species of snail, a land shell, is found preserved. vVhere is the
evidence of the swarms of fishes that must have :filled the streams and
lakes of that time~ Of the vegetable life, if any existed, only now and
then a fragment of silicified wood is found, and that, too, in the latest
deposits. I am prepared to believe that the broad plains were, even at
the time of the existence of these animals, as treeless as at present, yet
I am quite unprepared to explain the almost entire absence of vegetable
remains. We know that fresh-water shells, much like those existing in
the little clear streams of the present time, as well as some remains of
:fishes, are found in some limestones on the summits of hills near Pinos
Spring on the northern rim of the lake.
Another interesting question occurs to me in this connection, how
was it that a complete fauna, comprising more than forty species of animals, was introduced upon the earth, lived through its legitimate period,
entirely perished or was swept out of existence, and an entirely new
fauna, comprising about the same number and variety, was again introduced in the same region~ It, too, lived out its period of existence,
which must have been hundreds of thousands of years, and yet every
one of this group of animals disappeared from the globe, leaving nothing· behind to tell the tale but fragments of their bony skeletons, accidentally enveloped in the sediment at the bottom of an estuary or lake.
It will be seen at a glance that this is a fruitful topic for speculation,
and I leave it with the reader. Some of the species of animals found
in the latest deposits seem to have lived very nearly up to our present
period. The horns of a deer and the bones of a sand-hill crane have
such a modern aspect that the thought arises, where was man when
these animals were roaming over this region °? Recent investigations
show quite conclusively that man was an inhabitant of Europe cotemporaneously with many of the extinct animals of the quarternary perioll,
but it is doubtful whether we have ever found any evidence that he lived
at a very remote period on this continent. Indeed, so far as we know
at present, the West is singularly silent as to the existence of man in
what are now understood as pre-historic times.
But let us move our camp further south and toward the Platte Valley
again, and on our way just glance at a desolate and almost barren but
interesting region called the Sand Hills. They cover an area of about
twenty thousand square miles on both sides of the Niobrara River, and
are composed of loose, moving sand, which is blown by the winds into
round, conical hills with considerable regularity. As far as the eye can
reach the surface presents the appearance of a multjtude of round tops,
some of them scooped out by the whirling winds so as to resemble craters. These sand hills have been from time immemorial a favorite resort
of the buffalo, wllich feeds upon the scanty but very nutritious grasses
in the little valleys and intervals among these hills. There is, for the
most part, an abundant supply of water in the little lakes that are scattered throughout this region. Some of them are alkaline in the highest
degree, and the fresh can be detected from the salt lakes by the presence or absence of vegetation in and around the borders. 'rhese hills
are sometimes protected from the winds by a considerable g10wth of

GEOLOGICAL SURVEY OF THE TERRITORIES.

109

vegetation on their sides, especially the ''Yuccas, or Spanish Needles,"
whieh seem to grow luxuriantly in these almost soilless regions. No
portion of the country is so barren or soilless as to be destitute of its
peculiar vegetation, and even those portions that. appear most sterile
Fig. 5.

Sand Hills on the Niobrara Ri\' er.

have some forms which flourish there best, and would perhaps perish
if transported to a richer district. In the ''Bad Lands" the soft, succulent cactus, which draws most of its nourishment from the atmosphere, often covers the bald, dome-like bills as if it would conceal their
nakedness and sterility. These large moving bodies of sand are not
uncommon in the West; in the North Park there is quite a large area
completely cmrered with tllem, and as the surface reflects the light of
the sun's rays, they appear in the distance like some extensive lake.
Near the Mosca Pass in the San Luis Valley is another group of sand
hills which is quite conspicuous. The winds seem to delight in playing
their antics in these places, throwing up the sand in the most beautiful
wave-like furrows. Sometimes the strong winds that sweep over these
vast plains ·will fill the air with a storm of sand so as to impede the
traveler's progress for the time, and again they whirl it in circular columns far out of sight.
\Ve shall now continue our way np the valley of the Platte with a
good deal of rapidity. The country is monotonous, and yet now and
then a fact of some interest might be gathered. "'.Ve soon pass into what
is called the alkali district, where the ground is covered in places with a
white efflorescence, which looks in the distance like snow. If the traveler
were to ascend the high hills that border the valley and cast his eyes
in every direction, he would see nothing but a gently rolling prairie,
without a tree or shrub as far as they could reach. No cozy farm-houses,
with all the signs of cultivated fields, greet the eye; no groves of timber
dot the landscape. For more than two hundred miles along the valley
of the Platte it would be difficult to find wood enough to kindle a fire.
)j..,uel for the supply of Fort Sedgwick and the city of J ulesbnrg, during
the winter of 1865-'6, when it was in its glory, was hauled from the mountains near Denver, Colorado, a distance of more than two hundred miles,
at a cost from one to two hundred dollars per cord.
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The surface of the country is somet,imes weathered by atmospheric
agencies into peculiar fantastic shapes. The rock formations are entirely eomposed of the whitish and ~yellowish-white clays, marls, ancl
sandstones of the more recent beds of the great tertiary lake basin.
Fig. 6.

Fort Mitchell-Scott's Bluff.

The most striking examples are in the vicinity of Scott's Bluff and
Chimney Rock, which have been noted landmarks for years. The
surface is here washed out into the form of domes, towers, churches, and
fortifications, and it is hardly possible to persuade oneself that the
hand of art has not been busy here. Chimney Rock shoots up its
tall, white spire from one hundred to one hundred and fifty feet. The
strata are perfectly horizontal, and, therefore, we may infer that the
surface of the whole eountry was originally on a level with the summit
at least, and that these landmarks are monuments left after erosion.
These picturesque views south of White River are not extensive, although
on both sides the north and south forks of the Platte thev occur in certain localities. A few fossil turtles and the bones of some huge animal,
probably the elephant or mastodon, have been washed from the bluff's.
At Antelope Station, near Pine Bluffs, about four hundred and seventy
miles west of Omaha, a collection of curious bones was taken out of a
well sixty-eight feet below the surface, which were at once regarded by
the people in the vicinity as human remains. These bones were distributed throughout the country and furnished many a sensational paragraph for the daily press. About two years ago, Professor Marsh, in
visiting t\1-is country, made inquiry for them, and succeeded in obtaining
a few fragments, from which he determined the existence of a small
species of horse, which must have been originally about two or two and
a half feet high.
From a mass of sediment sixty-eight feet below the surface, ten feet.in
diameter and six feet thick, Professor ~1arsh obtained a quantity of
fragments of bones belonging•to seventeen different species of animals.
In it were those of four varieties of the horse family, one of which was
as large as the living domestic horse; one or two species of rhinoceros;
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an animal allied to a camel, and one resembling a hog; two carnivores,
one about as large as a lynx, the other greater than any living carni\ore,
even the lion. Such a quantity of remains, so varied in species and
stowed. away in so small a space, has never been found before.
What a world of fossil treasures could be gathered if the whole area
south of the Platte and between the Platte and White Rivers were carefully examined by men of science ! And even then, only those which are
expoRed to the eye of the geologist by atmospheric agencies would be
found, while the great mass of rock material which underlies the entire
surface is equally filled with them, and undoubtedly contains some forms
that willneYer be recorded in the annals of science.
If we now take the cars we shall pass over a similar plain country until
we reach Cheyenne, an important and rather remarkable city, near the
foot of the mountains, :five hundred and sixteen miles west of Omalw,
one thousaud two hundred awl :fifty nine miles east from Sacramento,
aml one hunured aud ten miles north from Denver. This city is locateu
in the open plain, near Crow Creek, a branch of the Platte, the hills ascending gently back to the mountains proper, which are plainly visible
from the tDwn. On tho 4th <lay of July, 1867, there was but one bouse
in this place; within three months there were at least three thousand
inhabitants, with the bustle and confusion of a city of ten thousand. It is
now improving rapidly, and promises a successful future. Again, looking
at the profile section of the railroad, we :find that Omaha is nine hundred
feet above the sea-level. At Cheyenne we have reached an elevation of
:fi\e thousand nine hundred and thirty-one feet, yet the ascent has been
so gradual over an apparently level plain, that we have not for a moment
reaHze<l that we were ascending at the rate of nearly ten feet to the mile.
If the traveler has obsen~ect closely, he will have seen that nature had
already performed most of the work of the road, and that there was not
much more to be done but to lay the track, and that for the entire distance of more than five hundred miles there were no rock beds to blast.
Before concluding this chapter, we will throw a momentary glance
back upon the ground oYer which we ha·ve just passed. Nebraska may
be divideu into two portions-agricultural and pastoral. The easteru
part contains some of the most beautiful, gently-rolling, fertile agriculturallanus in America, the very garden spot of the country. But the
western part is a treeless, almost waterless plain; yet, thick, low, sweet,
nutritions grasses cover the entire surface, and for the raising of large
herus of stock, as horses, cattle and sheep, this country is admirably
adapted. Not more than :fifteen to twenty inches of moisture fall here
annually; the snows of winter are \ery light and soon pass away, the
winds rapi<lly gathering them into the valleys or gorges, leaving vast
areas entirely bare. The grasses, instead of decaying as in all countries
with a humid climate, slowly dry up, retaining all their nutritious qualities, and tlms continue until April or l\Iay, so that all kinds of stock
thrive throughout the winter in the open :fields without other care than
that of the herusman. The time cannot be remote when Western Nebraska, also \Vyoming and Colorado, will be appreciated as a woolgrowing region far surpassing any portion of the East.
In the autumn many of the streams of the plains dry up for the most
part, although at long intervals water may be found. In ascending the
'Talley the water of Lodge Pole Creek will appear and di~appear almost
like magie. Ilere we :find it a, swift-rmming stream several yards in
width, and then for a considerable distance nothing is to be seen but its
dry and dusty bed. Even the broad Platte has so far forgotten itself
for several seasons as to cease to be a running stream. It is not uncom-
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mon for a river to be considerably larger toward its source than at its
mouth. Many of the important streams that flow from the Black Hills
into the Missouri are lost on their way through the plains. This is
especially the case with rivers in the arid regions of New Mexico and
Arizona.
CHAPTER IX.
OVER THE FIRST RANGE.

In the preceding chapter I have endeavored to convey some idea of
the remarkable character of the great fresh-water lake basin which
occupies so great an area in Nebraska. We have seen that the carboniferous limestones pass beneath the lower cretaceous sandstones near
the mouth of the Elk Horn, about thirty miles west of Omaha; that the
cretaceous rocks extend westward about eighty miles farther, where
they arn overlapped by the marls and clays of the White .R iver Group.
These form an unbroken mass to the very margins of the first range of
mountains west of Cheyenne. Up to this point our ascent has been so
gradual that it is hardly perceptible to the common observer, and yet
the grade has been upward at the rate of nearly twelve feet per mile.
If we examine the excellent profile of the Union Pacific Railroad constructed under the supervision of the distinguishe.d engineer, General
G. M. Dodge, we shall ·find that Omaha, the eastern terminus of the
road, is nine hundred and sixty-six feet above tide-water. At Cheyenne,
which is five hundred and seventeen miles west of Omaha, the elevation is six thousand and seventy-two feet; west of Cheyenne the ascent increases with great rapidity; at Sherman Station, near the
summit of Laramie range, the height is eight thousand two hundred and forty-two feet; so that within a distance of thirty-three
miles we have a difference of elevation of two thousand one hundred and seventy feet, or an ascending grade of nearly sixty-six
feet per mile. A profile section across the country east and west
from the l\1issouri River, from the north line to Mexico, would show
the same graded ascent, illustrating with great clearness the longcontinued but regular upheaval of the great original plateau west of
the lYiississippi. If we were to stand on the spot where the city of Denver is located, five thousand four hundred and thirteen feet above the sea,
and look to the north, south, or east, we shall see only a broad, apparently level plain, with no perceptible ascent; but turning our eyes to the
westward, the ranges of the main Rocky Mountain chain seem to rise
abruptly out of the plain, showing very clearly that when the crust of
this great original plateau had been stretched to its utmost tension, these
lofty ranges burst through the superincumbent sedimentary strata as the
germ breaks through the hard-trodden earth above it. The series of
ridges which are so well exposed along the base of the mountains show
plainly that all the formations from the summits of the lignite tert,iary to
the granites extended uninterruptedly acrosiS the area now occupied by
these ranges prior to their elevation, and probably up to the close of the
cretaceous epoch, and possibly somewhat later. This important fact is
better illustrated near DenYer than at any point north along the main
traveled routes, Lecause tlle mountains form a portion of the great watershed of the continent, while the Laramie range west of Cheyerme is a
detached portion, seldom rising over eight thousand feet, aboYe the sea.
This range, however, forms a perfect anticlinal, and must be studied in
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.ail in order that its beauty and regularity may be understood; and
0
x'\.wguh I regard it, as well as the Black Hills of Dakota, a more perfect
llnAtration of my theory of the elevation of the l{ocky ]\fountain system,
.ret it is not as conspicuous an example to tlle casual obsen~er as he lofty
ranges west of Denver.
From Cheyenne to Granite Calion, near the summit of the first range,
the grade of ascent is greater than between any other points along the
Union Pacific Railroad. The distance is about nineteen miles, and the
difference of elevation between the two places is one thousand eight
hundred and sixty-seven feet, or a grade of more tllan ninety feet per
mile. The recent tertiary beds lie close up to the flanks of the mountains, over a belt of several miles, affording accomparath-ely easy transition from the newer formations to the granite nucleus.
For hundreds of miles either north or south of this line it would
be difficult or perhaps impossible to build a railroad across the
mountains, but here nature seems to have provided an easy iuclined
plain to the very margin of the mountain summit. The ridges are very
_nearly concealed, while .on either side they can be seen as formidable
as anywhere along the ea--tern base.
Close up to the sides of the mountains this more recent formation is
composed of water-worn boulc:lers and pebbles, varying much in size,
but as we recede eastward toward the plain they disappear for the
most part. The same is the case with the drift, which shows clearly
that the causes which led to the deposition of these beds operated in the
vicinity, and the materials are derived from the mountains near by.
On either side of this inclined plain, north or south, we can see the
upturned edges of the different sedimentary rocks in this region.
Between Granite Caiiou and Cache la Pouclre, about forty miles along
the foot of the mountains, not only is the scenery rugged and grand to
the eye, but the complications of geological structure are very interesting. There seems here to have been a jog in the minor ranges which
compose the aggregate range, and several of these smaller ones disappear in the plains. The belt of upheaved ridges is here ten to fifteen
miles wide, revealing all the sedimentar,y rocks, fi:om the carboniferous
limestones to the most recent tertiary beds. The peculiar brick-red
color of the sandstones, which are supposed to be of the triassic age,
gives a singular appearance to the scenery. We have here the carboniferous limestones resting upon the granites; then a series of briek-red
sandstones inclining at different angles, with beantifnl grassy YalleJys
between the ridges, and little streams cutting through nearly at right
angles; then a thin group of sand and marls, which may be Jurassic;
then the wllole series of cretaceous beds with their characteristic
remains; then the lignite tertiary beds with coal, all conforming to each
other, and all inclining from the mountains at <lifferent angles. All the
beds just alluded to perfectly conform to each other, but the light-colored
rocks, which most attract the eye of the traveler at Cheyenne do not
conform, and were of course deposited subsequent to the uplifting of
the mountain ranges. We cau see, therefore, that the eastern flanks -of
these mountains formed a sllore line for a great fresh-water lake.
If we make our investigations still north of this line, we shall find, for
two hundred miles or more, that these recent beds jnt up against the older
sedimentary beds, and in many places rest upon the granites. Sometimes
the whitish rocks have been remoYed by erosiou, so as to expose the
older ones, but near Laramie Peak they entirely conceal all but the
granites. In many places these recent beds are found high up on the
flanks of the mountains, in a nearly horizontal position, as if many of
,.
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tbe outer peaks were mere islands in this great lake, much like tboseits
Salt Lake at the present time. I h~rve said enough here to show tm
reader that from Cheyenne to the summit of the first range he is passi11;
oyer a thick shore deposit of an ancient htke, which once covered a Yast
area, Yery much larger than that of any of our fresh-water lakes of the
present day. The cuts along the road do not show all the formations
in this vicinity. The traYeler must stop a day and wanuer away from
the line of the road, if he would make his geological observations complete.
The recent beds rest directly on a stratum of whi~e limestone of carboniferous age. This limestone is very useful to the citizens of the
Territory, inasmuch as it can be burne<l into lime of the :finest quality.
The walls of houses plastered with it are as wbite as snow, and it is a
great favorite with nwsons. The supply is inexhaustible, although it
is not exposed anywhere along the mountains in any very great tbickness.
These limestones are regarded as of the same age as those we saw at
Omaha and along the Platte, and if so, they must have been concealed
over this long distauce, at least five hundred miles, and had it not been
for the upheaval of these mountains, would neYer have been exposed to
the e:ve of man.
Before leaving that portion of Wyoming Territory which lies east of
the first range I will say a word in regard to its a_gTicultural and pastoral resources. The soil is fertile and must be quite productive where
it can be irrigated. Better pasturage does not exist in the known \Yorlcl,
and sooner or later this portion of the Territor,y must become celebrated
not only for the quantity but the quality of its stock. Along under
the mountains and in the valleys of the little streams that flo'' therefrom, as the Lodge Pole, Chugwater, and others, n~ry little snow falls
all winter, and. the gTass remains very nutritious until late in the spring.
All the roots and most of the cereals can be raised on the east side of
the mountains. The city of Cheyenne cannot hope for a permanency
until the surrounding country is settled by a thriving farming population, and the time is not far distant when the valleys of Crow Creek,
Pole Creek, and others will be occupied with farlll-houses and the bottoms covered with excellent crops. Plans lJa\Te already been made by
the citizens forirrigating large areas of the nplan1l. The healthful change
1 which will at once be produced in the country will encourage others, until
all the nYailable farming land will be brought under cultivation, and the
prosperity of the Territory will be rendered certain. IImreveT valuable
rivers may be to a conn try, and however grc>at the impulse a railroad may
give to the first settlement of a region, the basis of all permanent prosperity seems to rest upon the products of the soil.
.
The science of geology continually sho,vs how entirely dependent upon
causes which were in operation many ages ago are the most practical
results of man. Like the ripe fruits which so many pluck from the trer,
and enjo,y \Yithout a further thought, so these important benefits are
accepted by mankind, and how few are thoughtful enough to inquire
frou1 whence they come!
Tlw stupendou-s eroshTe agencies which ha,Te in most cases scoope(l
out dePp Yalleys jnst at the foot of the mountains, haYe left this portion
remaining of the inclined plain which I have described as extending from
Cheyenn e to Granite Calion, and uu<lerlying the western shore of a great
lake, and thereby renden::d it possible for the Pacific Railroad to pass
over the range, savjng to its enterpri13ing builders millions of dollars.
V\T e shall endcaYor to sho'v along the liue of the route that this g1 eat
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road was really constructeu in far 11ast geological times, and it was left
for man to discover and avail himself of the advantages of the secret
workings of nature. The summit of this range presents some scenery
\Yhich is quite unique and remarkable, diff~ring iu many of its features
from that at any other point along the road. It would well repay the
tourist, and especially the artist, to spend several days llerc; the air is
delightfully exbilaratiug and cool, the \rater pure as crystal, and all
parts easily accessible. The little streams are full of fish, especially
trout, alHl game is moderately auundant; black-tailed deer, red deer,
nnd antelove are yet found, though becoming less abnndaut every year,
and witll two or tbree kinds of grouse and Yroodcock will rmYard the
sportsman.
The rocks which compose the nucleus of this range are granites, or,
inasmuch as they present a great variety of texture, I hai\Te chosen to call
them granitoid. Sometimes the rocks are made of large crystals of feldspar and quartz, \vith very little or no mica, formhJg a coarse feldspathic
granite; sometimes the constituents will be quite uniform, and a finegrained, compact, and most durable rock ·will be the result. Again, some
constituent of iron will prevail, and disintegration is rapidly e.fi'ected by
atmospheric agencies. The surface of this range is literally paYed with
small fragments of rock, aud the natural roads that are made in the
mountains are macadamized with feldspar. Building materials are
abundant, and as extensive as the mountains t.hemsel ves. On each
side are massive hills of syenite, which look in the distance like tlw ruins
of some gigantic old castle. This is a close, ·compact, masshTe granite,
rather fine-grained and susceptible of polish, much like the Scottish
s_yenite.
Fig. 7.

Granito Calion, near Syenite Station, Union Pacific Railroad.
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The directors of the Union Pacific Railroad contemplate transporting
tllis beautiful rock to Omaha, to construct with it the piers of the bridge
across the Missouri River. I believe it will pro·ve as durable and far
more elegant, on account of its brighter color, than Quincy granite.
The euts along the road furnish excellent opportunities for rock study.
They are, as it were, portions can·ed out of the crust, and we can thus
obtain more accurate notions of its geology than in any other ''my. Tbe
surface bas often been so changed by erosion tbat the loose material
that has fallen down the sides of natural gorges, in almost all cases, obscures, to a greater or Jess extent, the true character of the rocks, and I
have foun<l these exeaYations of the greatest importance in my examinations, correcting many an erroneous Yiew.
Figure 7 is an excellent illustration of a caii<.'n through the different
kinds of granite. On the right side of the tract the rock has been disintegrated for a considerable distance down by moisture, and the feldspathic crystals project from its sides with great distinctness. A heavy
vein of quartzite is also distinctly shown. In the distance we catch a
faint glimpRe of one of these massive granite piles, which are so well
shown in Figure 9. The character of the surface of this range of mountains, which is about twenty to thirty miles in width, is also well shown.
Large areas are comparatiYely level, and cmTered with a thick growth of
grass, with here and there a tllin groYe of pines. These trees are hardly
ever more than from fifty to sixty feet high, nnd seldom more than two
feet in diameter at the base. Further up iu the higher ranges the white
spruce and several other species of coniferous trees are found.
Fig. 8.

Virginia Dale, Summit Laramie Mountains.
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Figure D forms an excellent rock study, and it is a fine illustration
of the style of wt'atllering of the felch;pathic granites. These massive
piles, like the ruins of ol<l castles, are scattered all over the summit of
tlw Laramie range, and the difference in texture of the rock is such as
to give a most pleasing variety, hardly any of these pile~ being alikr.
These rocks '"ere once a11gular masses, probably nearly cubical blocks,
and the~· lwYe been rounded to their present form in the process of disintegration by exfoliation. Nature seems to al>hor all sharp corners or
angles, and ";ith her the curve is the line of l>eauty. Time wearR off
all the sl1arp points in thin, spherical layers year after year. Skull Uork
is another example of the tendency to wear into sing·nlar shapes. This
rock, whkb has ~dven name to one oftlwse striking rock masses, has been
peeled off', coat by eoat, by the fingers of Time until it pre~ents a Yery
close resemblance to a human cranium. If '"e \rcrc to <lescrnd tlle
beautifnl Yalley of Dale Creek "·e should find the scenery even more
romantic, alHl the granites 'Yorn into more fantastic forms. There is one
portion of thi~ Yalley 'Yhieh bas long been celebratrd for the beauty of
itR scener)' 1 all(llmO\Yn to the country as Virginia Dale.
The s'Yiftly-tlowing stream win(h; Hs way through the oYer-hanging
rocks, ''hich sometinws rnn np :1 tlwnsand feet or more, with nearly
Yertknl si<lt'~, and among these ma8siye granite piles are grassy, O\Tal,
park-like :lreas, which must, become at some future period fmTorite
places of resort. The character of the scenery and the style of weathering of the rocks are well shown in
Fig. 9.

Granite Rocks, Sherman Station, Laramie Mountains.

Sherman Station, situated on the summit, is well known as the highest
pointoverwhicb tllerailrontlpas~esbetwecn Omalla and Salt Lake Valley, and appropriately bem'S the honored name of the Commander-inchief of the Armies of the United States.
We might linger for fl time here ancl admire the beautiful and unique
scenery which is unfolded to us ou eYer,y side. We shall not meet with
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its like again in any other part of the West. Long's Peak, with its doub1er
spires, rises aboYe the limits of Yegetation into the regions of perpetual
snow, more than fourteen tlwnsand feet above the le,~el of the sea. All
around are less lofty cones, many of them so covered with pines that
they look black and somber in the distance. Far to the southwest are
the sno·wy ranges that surround the North Park, and in tLe intermediate space are groups of lower peaks or cones, rising like steps to the
l.tigher ranges. There is an interesting thought just here as to the real
origin of these granitic, ruin-like piles that give the peculiar distinction
to the plateau surface of the Laramie Mouutains. I believe it is entirely
due to erosive forces, which have operated here on a gigantic scale, ami.
these cones and natural temples are the monuments tltat are left to tell
the tale. I am convinced that the surface was at one time at least on
a level with the highest of them. How much more has been rcmon~d
it is now impossible to tell, but I am convinced that comparatiYe1y few
geologists ha\e fairly estimated the immensity of the time requireu and
the vastness of the amount of material removed from the surface by
erosion.
Three miles west of Sherman we cross the head of Dale Creek, a
small stream which flows through a wide, gor~~·e-like \Talley in the granitic rocks. Spanning the valley is a bridge six hundred and fifty feet iu
length, and one hundred aud twenty-six feet above the little stream.
This brid,g-e, which is \H~ll worthy of examination, forms one of the most
beautiful structures of the kind along this road, and al wa,ys attracts the
attention of the traveler, who looks down .from it upon a beautiful
grassy valley, through whieh winds a small stream, the \vho1e walled in
with mflssiYe granite, like that before described. After crossing the
Dale Creek bridge we descend rapidly to the plains. On the west side
of the mountains we pass across the inclined edges of furmations which
appear to be counterparts of those already alluded to on tbe east side.
vVe find the sandstones resting upon the granite, and inclining at a
greater or less angle westward; we also find the whitish and :yellowishwllite limestones of the carboniferous period; also the red sandstones,
which have usually been regarded as Triassic, though I suspect that the
upper portion, at least, is Jurassic; then come loose red sands, extending a cousiderable distance into the plains. If \Ve continue on towanl
the Big and Little Laramie Rivers, we shaH find the cretaceous beds, in
full deYelopment, in a nearly horizontal position, and about thirty miles
still farther west the coal beds of the tertiary period are seen.
But before we commeuce onr general remarks in regard to this
mountain range let us linger for a time among tile singular and grotesque forms \rhich nature has hewn out of the sandstones on this
western slope. Here we may study some excellent illust,rations of the
wearing away of sandstones through atmospheric agencies. vVe wish
as far as possible to present to the reader t;ype examples of the iufiuence
which the atmosphere, in its varied phases, has in shaping the features
of the landscape.
.
We have illustrated some of the granitoid rocks of the mountain's
nucleus which have been metamorphosed by heat. Figure 9 is
exceedingly instructive in many points of view. The rock itself is a
moderately fine-grained sandstone, and varies in color from a yellowish
white to a light brick-red, and is probably of J urassie age. No organic
remains have ever been found iu the sandstones, althougu I have traced
them along the mountain sWes from onr north line to Santa Fe. The
reason why I call them Jurassic is, that a bed of limestone, which
inclines from the flank of the monntain higher up, seems to hold a lower

GEOLOGICAL SURVEY OF THE TERRITORIES.

119

geological position, and contains the remains of crinoids, which Professor Agas:::-;iz refers to the genus Apiocrinites, which is J urassie. To this
place has been gn-eu the name of Dial Rock, on account of the peculiar
dial-shaped form into which one of the columns has been worn. "\Ve see
at a glance that these rocks are stratified; that they hold a nearly horizontal position; that they stand out iu the plains nearly isolated,
although in the immediate vicinity are other equally fanta~tic forms,
covering quite an extensive area. Where are the intermediate portions
of the rock out of which these singular momameuts haYe been cmT('d
by the chisel of time~ Tbese level plains, covered now with grass antl
wild sage, were once on a level with the summits of these sandstones at
least, while the vast mass of sandstone which filled up the general level
has been swept away, who knows where~ \Vho can estimate tho forces
that have wrought this mighty work, or the immensity of the time that
it mquired ~ llow matty myriads of ages have the winds an<l storms
beaten against Uw si<les of these rock'l, gnawing ou.t tlte caYitit>s and
gi dug them the fantastic shaves they now possess~ Every year smaller
portions crnmble off a]J(l are mingled with the soil belmY, and in time all
these remnants of the past will be removed. lt will be notieed that the
larger mass is worn into a form that can easily be imagin·ed a human
face, and an American might fancy he saw iu it some resemblance to
that of the Father of his Uonntry.
lt is not an uncommon thing for tlte rocks of all textures in this country to weather into the forms which call to mind human beings and
auimals.
Fig. 10.

q'riassic sandstones, west slope, Laramie range.

These sandstones also affonl a fiae illustration of what i~ calkd irregular layers of depositioll, antl the materials are Sll.pposcd to haYe ueeu
brought here and depositetl in turbulent waters. If we were to stmly
tlte actions of currents of water along our streams, or of the wayes of
the sea-shore, we should continually find examples of the dcpositioll of
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sandy material o\er an l:uclined plain; sometimes on one side of a ridge
or eleYation, and sometimes on the other. Now, if this sand were
molded into rock, these layers of deposition would show distinctly
this same irregularity·. Not far distant from this point is another group
of these weathered sandstones which show still more clearly these irregular layers. The softer portions have been worn away, causing each
thin layer to stand out of the sides of the rocks with great distincrtness.
Sometimes the thin layers incline in one direction, sometimes in another.
Tllese sandstones Yary in JJeight from fifty to one hundred and fifty feet.
On tlleir summits the eagles are fond of builJing their nests, where they
will be inaccessible to their human enemies. Before closing our description of Figure 10, I ought to allude to the wild sage bush, wl1ich so peculiarly characterizes these almost treeless plains. We are here more
than seven thousand five hundred feet abo\e title-wat<>r; at this elevation we find a speeies of sage which takes the place of the one on the
plains east of the mountains. It is calJe<l At·temis,ia tridentata on account
of its small, three-wotlledleaf. It grows about the same size and very
much resembles the other species. This sage, as well as two or three
kinds of shrubs peculiar to the high places, are well shown in the figure.
We haYe now <lescribed briefly the different sedimentar,Y formations
as they incline on each side of this mountain range. It may be well to
remhlll the reader that this range is an excellent illustration of the plan
of dmTelopment of these mountains. We find a series of formations
iucliuing from the eastern slope of the mountains; we pass over the
range and we again find tllC corresponding portions dipping in an opposite direction over the western slope. We at once come to tbe conclusion that these formations at some former period extended uninterruptedly aGross the area now occupied by the granitic rocks, and that
the intermediate portions lHtYe been removed by erosion. Then the
query arises, at what time were these events brought about? It seems
to me it must haYe occurred as the surface 'vas slowly emerging from
the ·waters of the ocean. .As the bottom of the ancient sea along the
line of this mountain range slowly arose, the waters became shallow,
and tb<'Y would be more easily disturbed by the winds and the erosiv-e
forces lle proportionately increased, and if the rocks arose above the sur
face tbe waves wou}d dash against their sides and prove still more effecti ,.e. The sediments would be wafted away and deposited in some other
part of the ocean, to enter into the composition of more recent rocks.
The Laramie range, extending from a point near Long's Peak northward to the Red Buttes on the North Platte and the Black Hills of
Dakota, form the most simple and,eomplete examples of true anticlinals
on a gigantic scale that I have ever met with in my explorations. These
ranges are less compJieated with basaltic outbursts than any others.
Some of the peaks, like Laramie Peak, are quite lofty, but as a general
rule they are low mountains, m1d for the most part composed of a nuclei
of mnssi ve red feldspathic granites inclosed on each side with true
gneissic strata. .All these mountain ranges require a few more detailed
examinations than I have ever been able to give them, but the statements
that I lut\e here made will, I think, prove to be mainly correct.
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CHAPTER X.
THE

LARA~IIE

PLAINS.

In our last chapter we descended the western slope of the first mountain range to a broad, open expanse of mountain prairie known as the
I1aramie Plaim:. This great area might be called a park; it is enclosed
on three sWes by extensive mountain ranges, but on the west its limits
are not well defined, inasmuch as no mountain ranges of any importance
intervene until wo come to the Wasatch range, in Utah. It is usually
understood to extend westward almost to the Medicine Bow Hiver, and
thus comprises an area about fifty miles from cast to west, and one
hnn<lred from north to south, the Laramie range or Black Hills forming
the eastern boundary. As '"e rille on the cars through the plains, these
mountains, 'Yith their comparatiYely uniform and gently sloping sides,
seem for many miles to bend around so as to inclose us within their
walls. On the south side are the l\fedieine Bow l\fouutains, which are
far more formi<lable and lofty than tlw others; in<leed, the ranges this
side are quite irregular and fragmentary, and are known by different
names, m; Sheephead l\1ountai11s, Elk l\Ionntains, &c. l\Iany of these
lofty peaks and ranges have not :yet been explored geologically or geographit:ally, and these magniileent fields are ripe and waiting for the
harvest of science. The far \Vest is vast, but tlw laborers are few.
Before proceeding, we might for a moment trace to their sources in
the mountains some of the beautiful rivers that wind their way through
the plains. '\Ve shall find tQ our surprise that,, although we haYe crossed
a range of mountains the highest along the line of tlw road, we are still
in the great valley of the Platte in which we started on our journey.
The main branch of the North Platte l'iseH in the range of mountains
which forms the north side of the I\lidd1e Park, Yery near I.~ong's Pcnk.
It takes a course a little west of north, flo\vs through the m)ddle of the
North Park, cutting its way through immense caiions between the
North Park and the Laramie Plains. It then continues nearly a north
course, through tertiary as well as cretaceous rocks, to its jnnc~tion with
the Sweetwater, where it bends around to the east, so that near the Red
Buttes its course is nearly southeast until it reaches the main Platte,
near longitude 1010.
The Sweetwater, which is the principal branch of the North Phltt<>,
rises in the southern end of the Wind Hiver l\Ionntains, and ilo\....-s nearly
east and unites 'vith tho North Platte near Independence Hock. These
streams flow througll nearly e\ery variety of geological formation
which occur~ in the \Vest. .From tlle junction of the Sweetwater to the
Red Butte~ it ilows through granite, carboniferous limestone, red beds,
Jurassic marls, and White RhTer tertia.ry beds; and from the Heel
Buttes through lignite tertiary to a point about one huntll'ed miles
northwest of Fort Laramie. Tllerc the \Vhite H.iver tertiary beds m•erlap tlw lignite tertiary, and then continue to t,he forks of the Platte.
The Medicine Bow and the two Laramies are important branches of
the North Platte, and take their rise in the lofty, snow-capped mountains
on the south side of the Laramie Plains. The region north of the North
Platte is mostly a vast sage plain, and but few small branches flow in
from that direction, but a multitude of small stremns cut deep channels
through the sides of the Laramie range and flow into the North Platte.
From Red Buttes to Fort Laramie, a distance of one hundred and fifty
miles, many beautiful little streams rise in the Laramie range and pour a
good volume of water into the Platte. These creeks occur every few
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miles, and in their passage from the mountain they have not only worn
a deep channel in t.he steep side of tile mountain, sometimes one thousand feet or more in depth, but they have also scooped oat a wide, deep
Yalley, which affords the uest of pasture-ground for stock in summer,
and warm, sheltered places in winter.
The main uranch of tbe South Platte rises in tbe range of mountains
which bounds the west side of the South Park, and flows about northeast
to Cache ala Poudre, and there bends around slightly toward the east and
joins the main Platte. The little branches that flow from the mountain
sides are very numerous, and each one cuts a tremendous channel through
the sides of tbe mountain, affording most excellent sections of tbe. strata
for the geologist. Nearly all the branches that rise in the plains have
very wide valleys, but are mostly dry, especially in the latter part of
snmmer and autumn. .Althougll the Platte River is never navigable at
any season of the year, yet the area drained by it is immense, being
nearly three hundred thousan<l square miles; and yet it is one of the
minor branches of the Missouri Hiver.
The South Platte flows through the different formations along the
flanks of the mountain; and in its course through the plains cuts the
lignite tertiary for fifty miles or more, when the Wllite l~iver. tertiary
overlaps the plains to the junction.
These brief remarks are intended principally to show by the geography
the gigantic scale upon which everything in this western country is
planned; that even the district drained by the Platte and its branches
is larger tban all New England, New York, and Pennsylvania.
Myriads of little streams rise in springs 011 the summits of aU the
mountain ranges, and, flowing down the sides, gash out deep gorges, which
afford most splendid sections of the rocks for the study of the geologist.
And as for beautiful scenery, there is no limit to it. If we were to trace
these streams to their source in the mountains, through gorges and
chasms, into beautiful oval grassy valleys, up the precipitous flanks
v.-here they expand in numerous little branches, rushing and tumbling
over the rocks, we should involuntarily pronounce each one at the time
more grand, more beautiful, and more instructive than ~my we had ever
seen before. It is impossible to describe to the reader the pleasure one
enjoys in wandering among these mountain ·valleys, climbing the almost
vertical cliffs and studying the almost unlimited variet~y of forms which
the masses of rock present. Thou, too, the vegetatioH, seen in summer,
has tlte green, fresh appearance that is so inviting and grateful; the
grass, flowers, a11d trees, all wear that healthy looh: which is only to be met
in the mountains. Although the Laramie plains are at too high an elevation ever to become noted for their agricultural resources, yet the few
attempts to raise certain crops hnYe met with moderate success.
In the summer of 1868 a few farmers in the valley of Rock Creek,
along the line of the old stage road, succeeded in raising some very good
Yegetables, as potatoes, turnips, cabba~e, &c., and they would have
remained there contented, had they not been driven away by the Indians.
But it is doubtful if these plains will ever become a favorite abode for
farmers, thougb for the raising of stock I believe they are unsurpassed.
Horses, cattle, and sheep have already been raised here of the finest kind,
and in the beautiful sheltered valleys they find the most secure retreats
from the severity of the winter'R cold. Thousands of tons of excellent
hay can be cnt every year along the bottoms of any of these ~treams.
There is a beautiful view of the plains proper, as seen in the valley
of the Little Laramie, near Sheephead Mountain. We see here the
meanderings of the little stream; the fringes of cotton woods, willows,
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and a few shrubs in the immediate bottom, the level, lawn-like terraces
covered with a thick carpet of grass, and gradually ascending to the hills
011 either side.
The entire surface has been so perfectly softened down
by time that the beauty of tile scene is perfect. It is true, tlw plains are
not at all times as uniformly smooth as this view ,...-onhl indicate. Not
unfrequently the surface is rugged in places; masses of sandstone or
limestone with steep sides rising in the midst of the plains-monuments
left after the action of the wateri!that have smoothed down these beautiful
landscapes. It would seem that they are left to aid us in reconstructing
the geography of past geological times.
Near the middle of these plains, on Cooper's Creek, are some quite remarkable exhibitions of the chalk cliffs of the middle cretaceous period, in
which are oyster-shells, fish scales, and the bones of a huge Saurian rC'ptile. A little farther to the west is a long line of yellow sandstone bluffs
two hundred totbreehundredfeethigh,forming beds of transition or passagt> bet\veen the cretaceous and tertiary periods; and still farther west are
more rugged bills in which are found beds of coal. "\Ve see, too,mTerywbere
indications of tlte action of water on the surface of the plains. In many
places rounded bouldrrs of all sizes, from the minute pebble to a mass two
or three feet iu diameter, are found scattered profm;ely O\Ter the ground.
Sometime~ these rocks accumulate in vast quantities on the side of a bill,
literally paving it; then again in long lines or rows, as if they had been
carried by swift water or dropped fi.·om an iceberg. Everywhere in the
Yicinity of the mountains are abundant indications that the last act in
the drama was the existence of large bodies of water everywhere among
the mountains, which must have come from the mountains themselves,
iiwsmuch a::; the drift material indicates a local origin. We may suppose
that prior to the present period the temperature of the climate was ver:y
much lower; that vast bodies of snow and ice accumulated in the mountainous portiom; of our continent, and as the climate became more mild,
the ice and snow slowly melted, transporting icebergs filled with rocks a11
over the plains, &nd when one of these vast icebergs would lodge and
melt, the accumulations of ·worn rocks and debris would be great. In
almost all cases the slope of the hill opposite the mountain range is the
one covered. with the debris, as if the mass of ice in floating down passed
o\·er the summit of the ri<lge a.nd lodged on the opposite side. Bnt it
would be impossible for us to linger in all these pleasant places; entire
Yolumes could be written illustrating the details of the geology of these
plains; our only object is to gather along our route such fact8 as will
illustrate our views and link our story together.
Before we again start on our way \vestward, we ought to take a glance.
at the North Park, wl1ich is only about fifty miles to the southwest of
Fort Sanders. The joti.rney is quite easily made in two <lays, and eveu
in one day on horseback, Yi·hich is by far the best method of tra ·cling in
this mountainous region. In August, 1868, I made a tour to the North
Park with a small party of Army officers, and I shall not soon forget tlw
scene of beauty that was opened to ruy vision from the summits of the
mountains surrounding the park. I was the more desirous of visiting
this region because so little was known in regard to it, and, although my
"Visit was short and my examinations necessarily limited, I had the satisfaetion of giving to the world the first accurate knowle<lge ever obtained
by personal investigat.ion of the geology of that interesting region.
Our course from Fort Sanders was nearly southeast, up the Big Laramie River, toward its source in the mountains. The geology of the plain
country through which the Big Laramie flows is very similar to that of
the Little Laramie, about fifteen miles to the westward. There are
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comparatively few exposures of the basis rocks, on account of the superficial drift which covers all this conn try. Still we find along the banks of
the river, near the stage station, the same black plastic cretaceous clay~
with Ostrea conge8ta and a few remains of fishes; also the chalky marls;
anu about two miles above, the long high ridges, on either side, extending up for several miles, composed of the rusty yellmv sands and sandstone of the lower cretaceous. The dip of these beds is very gentle,
hardly perceptible to the eye.
The Big Laramie is a, very clear stream, about fifty yards in width and
averaging about two feet in depth, easily forded in most places. Like
most of the western streams, the difference between high and low-water
mark is very great. In spring and early summer, when the snows of the
mountains melt, these streams become formidable rivers. The soil along
the bottoms appears to be very good; the grass grows quite heav.ily, and
hundreds of tons of hay are cut here by the settlers for winter use. Tbe
grazing is exeellent, and numerous ranches have been started all through
tbe vall<'y for the purpose of raising stock. Even at this season of the
year a great variety of flowers covers the surface. The Cornpositm and
Legwninosce prevail in numbers,. and yellow is the dominant color. As
we approached the foot-hills of the mountains the transition beds appeared
on the ridge, rocks of more recent cl~te having been swept away by erosion.
Fragments of pudding stone aud rusty-colored masses of sandstone were
scattered here and there; then beneath them were expot5ed about four
hundred feet of variegated arenaceous layers of uncertain age, perhaps
Jurassic; then a little higher up the side of the mountains were revealed
the red beds, fifteen hundred feet or more in thickness, presenting W01luerfu11y picturesque scenery. All these beds seem to ha\re been lifted up
in a nearly horizontal position, so that they present loft;v escarpments,
sometimes cone-like or pyramidal in shape, wwealing each layer in tlw
order of succession. The harder layers yielding less readily to a,tllJO·
spheric influences, project out from the sides, adding much to tbe noYeUy of the view. lVIost of the beds incline from the flanks of the mountains at various angles, 30, so, 150, and then cm1tinue along the riYer,
winding for twenty-five miles among the mountains almost to the foot
of the snow-covered peaks.
On either side can be seen a number of syenitic nuclei, but I did not
find the unchanged rocks so clearly in contact "\Yith them that I could
define their relation to each other.
Before reaching the mountains we p::tssed a series of alkaline lakes,
which are simply shallow depressions, receiving the drainnge of a small
area without any outlet. From these shallow lakes the wat0r is evaporated, so that,in the autumn the bottoms are dry an<l covered with a white
incrustation which looks much like water in the distance. One of these
h1kes still contained water and seems to have a fair supply at all seasons.
It is almost a mile in length aud half a mile in widtll. In the spring
these lakes are quite large and are fillell by the O\'erfiow of the branehes
of the Big Laramie, which are greatly swollen by the melting snows.
Great quantities of fish are swept into these lakes from the neighboring strearns, and in the autumn the water becomes so alkaline by evaporation that the fish die in great numbers alo11g the shore. It is a
curious fact that not a single trout has ever been taken in any of the
branches of the North Platte, unless a few haYe been caught in the
Sweetwater, while the branches of the South Platte are filled with
them.
After eritering the foot hills of the mountains, the Big Laramie and
its branches wind their way through the narrow valleys or gorges
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f,wmed by the anticlinals and synclinals produced by the upheaval of
the unchanged rocks.
All the lower beds are more or less arenaceous and of a brick-red
eolor, w·ith only three layers of a light-gray sandstone. No fossils can
be found in any of the rocks, so that it is difficult to determine their age
with certainty. \Ve believe that the lower beds are carboniferous, and
have receiYed their red color from the sediments which were doubtless
derived from tbe disintegration of the red sienitic rocks upon which they
rest. It is also quite possible that a portion of the red beds are triassic,
~md also that the yellow, gray, and rusty sands and sandstones above,
are Jurassic.
Lying above the supposed Jurassic and beneath the well-defined cretaceous, there is a large thickness of sandstone whieh I have called
transition strata, because they occupy the position of the lower cretaceous, as shown on the 1\Iissouri River and in :Middle Kansas. These
beds are \vell developed and (]Uite uniform in their lithological character
all along the mountain sides from latitude 490 to the Arkansas, yet
they have never yielded a single characteristic fo~sil that would determine their age. I have, therefore, called them provisionally lmver cretaceous, or beds of transition f~om one great period of geological history
to another, and the characters of the sediments which compose them
justify the name.
Near our camp on the Big Laramie, which was about thirt~'-:five miles
southwest of Fort Sanders, and about fifteen miles above the foot of
the bills, are some singular ilhu;;trations of the dynamics of geology.
On the south weRt side of the stream, aud inclining eastward or southeastwartl, the entire series of red and. Yariegated beds are showu in their
order of succession one tlwusaml five hundred to two thousand feet in
height. At the foot of this escarpment is a low ridge of the red material,
which is so grassed over that the conuection with the sienitic nncleuscanllOt be seen. This covers a belt of sienite about two huud.red yards
wide and three to :five miles long, the jagged masses of rock reaching a
height of one thousand feet or more, and standing nearly Yertical or
dipping slightly to the southeast. Between the sienitic bed:;; and the
river are the two low ridges of cretaceous Nos. ~ and 3, whieh seems to
have been lifted up with the sienite, but to have fallen back past a yertical position, so that they now incline fi.'om the sienite riflge, \Yhile on
the opposite side the beds have a, regular dip from the ridge. This peculiarity seems to be common in various localities, owing to the fact that
the metmuorphic beds which compose the central portion of all the mountains have suffered upheaval, prior to the deposition of th e unchanged
beds. Therefore, in the quiet elen1tion of the rnonntain ranges, the
beds are merely lifted up in the direction of the dip of the older rocks
on one side, while they are, as it were, pushed away from the oppo~ite
side, forming what may be called an abrupt or incomplete anticlinal.
On the oppositP or south side of the river there is a gradual slope of
two thon~aud fl'et above the bed of the stream, the strata inclining 50
until we reach the nucleus of another mountain range; so that we luwe
here, as it were, two huge monoclinals. These monoclinals form local
anticli11als, inasmuch as, in some places, all the beds incline for a short
distance from a common axis.
Ou tbe north side of the river, and east, for ten to twenty miles, the
flanks of the mountain ranges are covered with the unchanged rocks,
which ghTe comparatively gentle grassy slopes, owing to the readiness
with which they yield to atmospheric agencies. Through these slopes
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many little streams cut their way, forming huge canons, which exhibit
along their sides the series of beds in their order of suceession.
From a point near the source, for twenty or thirty miles, the river
flows through a synclinal valley, the conspicuous red beds dipping from
either side. Along the valley of the river are marked deposits of drift,
the result of glacial action; but the most beautiful feature is the welldefined terraces, about fifty feet high and smoothed off like a lawn.
These terraces are covered with a considerable deposit of drift; but
wlien tht>y are cnt through by streams the basis rocks are shown.
The scenery on either side of this valley is beautiful beyond description. On the west side are the snow-clad peaks of the 1\:Iediciue Bow
range in the distance, with numerous interve-ning lower ranges ascending like steps. The snowy mountains are mostly destitute of vegetation
and are covered with eternal snow, but the lmver mountain ridges are
covered mostly with what may be called groves of pine. Indeed, the
pine gro·ves and grassy openings are so arranged and proportioned
that the whole scene appears as if it might have been partially the work
of art, and the traveler imagines himself in a sparsely-settled mountainous district instead of the unexplored Rocky Mountain region. These
openings and grassy slopes will mal{e excellent pasture grounds, for the
grass is good, and they are waterea with tbP finest of mountain streams
and springs. I would again remark that tht' pine forests of these
mountains must at some period be an object of earnest pursuit. Two
years ago the mountain sides were full of tie-cutters, who cut and floated
hundreds of thousands of ties down the mountain streams, fifty to one
hundred miles, to the Union Pacific Railroad, whence the;;_,. were transported b,y railroad to any desired point.
In the moist ravines of the mountain sides are patches of the aspen,
Popuhts t'remuloides, which, from its peculiar mode of growth, forms a
striking feature in the landscape. It grows very thickly, seldom attaining a height of more than forty or fifty feet, and not more than
twelve to eighteen inches in diameter. The body is very smooth and
nearly whit-e, and the top forms a rouu<led, cone-shaped mass of foliage.
These aspen groYes ~re the fayorite resort of deer, elk, grouse, and all
kinds of game.
On the east side, also, is the snow-clad range, which, in its southward
extension, indudes Long's Peak and numerous other peaks in the
Yicinity. On each side of these lofty ranges, which ofteu rise above
the limit of vegetation, are a number of successive lower ridges which
descend like steps. There is such a wonderful uniformity in the structure of the mountains that a detailed description of a portion applies
for the most part to all.
Our course along the Cherokee Trail was about southwest from the
Big Laramie lliYer, oYer ridge after ridge, and after tra,~eJing twentyfiye miles we eutered the North Park through some of the most beauful scenery of that interesting region. From the summit of the high
ridges on the north we look to the southward over a series of lofty cones
or pyrawi1ls, as it were, all clothed with a dense growth of pine. The
metamorphic rocks of which these mountains are eomposed, disintep·ate so easiJy tllat the surface is covered with a deposit of loose matel·ial, as fin.e earth and fragments of rock. The hills have, theretore,
been so smoothed down that it is difficult to see the bass rocks in cont;innous lines. vVe saw enough, however, to show us that red·sieuite in
its various forms constitutes the principal rocks, while now and then a
bed of hornblendic gneiss, white quartz or g·r eenstone, occurs. .:All
through the mountain regwn are small open areas, sometimes on the
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hills and sometimes in the lower grounds, forming meadow-like spotf',
which the various kinds of animals love to frequent, to feed on the
abundant grass. The Old Cherokee Trail deri\es its name from tl10
fact that a party of those Indians cut its way through the thick pine~,
about thirty years ago, wit,h a train of three hundred wagons.
The traveling wa::; difficult at this time, owing to the ruggedness of
the surface and the obstruction from the fallen pines.
So far as I could ascertain, the trend of the upland mountain ridges
of sienite is nearly east and west, and the dip IH~arly north. The North
Park is oval or nearly quadrangular in shape, about fifty miles in exteilt
from east to west, and thirty from north to south, cccupying au area of
about one thousand five hundred square miles. Viewed from one of the
lligh mountains on its border it appears to be a vast depression ·whieh
might once have formed the bed of a lake. Its surface is rather rugged,
yet there are broad bottoms along the streams, especially the North
Platte and its branches. Scarcely a tree is to b<.~ seen oYer the wllolo
area, while the mountains which waH it in on every Si(le are dotted with a
dense growth of pine. The grass grows in the park quite luxuriantly,
often yielding two tons of bay to the acre. Streams of the purest water
flow through it, a few of them forming good-sized streams whe1·e they
issue from the ground, and I am quite confident that this entire park
would make an excellent grazing region for at least six or eight months
of the year. :Myriads of antelope were quietl,y feeding in this great
pasture ground like flock.-:; of sheep. The soil is \ery rich, but the seasons are too brief for the successful cultivation of any crops. ludeed,
there is frost here nearly eYery night, and snow falls eyery month of tho
year.
As I have before stated, the park is surrounded with lofty ranges of
mountains as by gigantic wallR.· On the north and cast sides may be
seen the snow-covered ranges rising far above all the rest, their summits touching the clouds. On the west si<le there is also a short snowy
range. The snowy ranges on its east border baye their north sides
abrupt; tl.te south sides are less so as seen from a distance, and the massiYe, rocky, lower hills appear inclining southward. All along the north
side the hills incline southwestward, while the higher ranges are quite
steep, and correspond in the apparent dip of the beds to the lofty snowclad mountains on the east, which incline south or southwestward. Tho
inclination of the metamorphic beds composing the higher rangC's is
from G0° to soo. On the west side of the park long ridges seem to slope
gradually down, so that they die out in the plain, forming a sort of en
echelon arrangement. It is due to this fact that the area inclosed
receives its oval shape.
The general trend of all the continuous mountain ranges is nearly
northwest and southea::;t on all sides, but there are mauy local dips and
Yariations from this direction.
I was much intel'ested to know whether any of the unchanged rocks,
''ltich are so well developed in the Laramie Plain, occur in the orth
Park. I found tlwt the entire series of red and Yariegated befL, induding a portion of tho cTrtaceous strata, were fully reprcseJJted, all inclining from the flanks of the mountains and gradually assuming a horizontal position, or nearly so, to,Yard the centra] portion of tho park.
The trausition beds or lower cretaceous, form quite couspienons ridges,
incliniug l!)O to the soutl1west. Tiley are composed of a Yrry beautiful
pudding stone of small rounded pebbles, most of them fliut, cemented
together with a silicious paste. On t,h e north side are quite large areas
covered with loose sand, which is blown about by the wind, Tesembling
_.._T
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the Sand IIills on the Niobrara River. A close examination of tlw sand
shows, that it is composed mostly of worn particles of quartz and feldspar. The surface contains little or no vegetation, presenting a peculiar
barren appearance, the sand moving readily with the wind.
Hitherto it has been impossible to color on any geological map the
geological formation of any part of this mountain region, and no infor.
rnation has ever been given in regard to the structure of the North Park
It will be impossible even now, \ritb the imperfect topography of any
of the maps, to color the geology iu detail. but these explorations will
enable a geologist to fix the outline of the formations in a general way
with a good degree of accuracy.
During the summer of 18G8 an excitement was created at Laramie
City by the supposed disco,·ery of rich placer mines far up in the mountains, near the Snowy ranges, to the southwest of the plains. A large
party \Yas formed at Fort Sauders, directed by Generals Gibbon and
Potter of the United States Army, and accompanied by Professor
James llall of New York, to visit the region and ascertain the truth of
the reports. The time \vas most faYorable, in midsummer, when the
mountain vegetation presents a spring aspect.
Camping \Yith our wagons at the base of the main range of mountains,
near the source of the Little Laramie, \Ye prepared to ascend the mountains on horseback to the gold mineR. vVe rode a distance of al>out ten
miles before we came in Yiew of the ''diggings," and to reach them
made au ascent of al>out two thousand feet above the bed of the creek.
\Ve were then between 10,000 and 11,000 feet above the sea, Yery near
the elevation of perpetual snow, and \Yhere frost occurs eYery niglit of
the year. On the snrnmits of theseloft;v mountains are some most beautiful open spot:::;, "·ithout a tree and coYered with grass and flowers.
After passing thr<?ugh dense piue forests for nearly ten miles we sud(lenly emerged into one of these park-like areas. Just in the edge of the
forest which skirted it were banks of F-:now six feet deep, compact like
a glacier, and witllin a few feet \\·ere nmltitudes of flow erR, and even the
common straw berry seemed to flourish . These mountains are fnll of little
t;tre~tms of the purest water, and for six months of the year good pasturage for stock could be found.
The gold is Rought aftrr in gulches, formed by the little streams that
flo\\ from the l\Iedidue Bmv and other SIIO\Y,Y mountains, mo!-lt of which
empty into the North Platte. \Ye lal>ore<lior tn~o days to di :5tOYer the
quartz seams, which we S L~pposed to l>c the source of tlle stray lumps of
gold, but the great thidn1ess of superficial drift which co\Ters all these
monntaius concealed them from onr Yiew. The gold, as fm· as known
iu tlth; district, seems to be c:onfined to the lower glacial drift. That
-valuable mines will be found in these monutains at no disbwt day seems
Yery probable. The geological evidence is quite conclusiYc, and the
mountains al'e a continuation nmth wanl of the same range in which
the rich mines of Colorado are loccLted.
Not only in tllc more lofty ranges, but also in the lower mountains,
are large forests of pine timber, \Vhich will eventually become of great
Yalue to this country. Vast quantities of this pine in the form of railroad tic>~ are floated down the various streams to the Uuion Pacific Railroad. One gentleman alone contracted for 550,000 ties, all of which he
iloated down the stream from the mountains along the southern side of the
Larnmi<' PlainR. The Big <lll<l Little I.. aramie, Rock Creek, and l\Irdicine
DmY RiYer, " ·it b. thdr branches, here literally filled \Yitll ties at one timr,
and I was informed that in tlle season of high \Vater they can be taken to
tlJe raliroad from the mountains, after being cut and placed in the water,
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at the rate of from one to three cents each. These are important. facts,
inasmuch as they show the ease with which these Yast bodies of timber
may be brought to the plains below and converted into lumber, should
future settlement of the country demantl it.
There are several species of pine trees and one spruce or balsam fir,
Abies Douglassi. The latter is a beautiful and symmetrical tree, rising
to the height of one hundred to one hundred and fifty feet, and as
straight as an arrow. The ties that are made from this spruce are of
the best quality.
We will now return to Fort Sanders, and continue on our westward
way. From ],ort Sanders to Cooper's Lake Station tl~ distance is about
twenty-eight miles. On our right hand we can sec, with great distinctness, the Laramie Mountains as they flex aroull(l westward, preserving
a remarkably symmetrical appearance. A hea-vy bed of limestone,
which appears not to have suffered greatly from erosion, covers the
fl~mks high up to the margins of the summit, and seems to have protected their rounded sloping form. Here and there may be seen a deep
gorge cut through at right angles by some little stream, that has its
source in a spring on the summit. Along the base of the mountains,
on the east side of the road, patches of the brick-red beds are -very
abundant, giving a picturesque appearance to the view. After crossing
the Big Laramie the surface is quite uniformly level or rolling, and co-vered with thick grass or sage. The country is underlaid with upper cretaceous rocks, and possibly in some places there may be small patches
or remnants of tertiary beds. We seem to be gliding along over a nearly
level, monotonous country, with scarcely anything to intercept the vision.
Far to the westward the dim outlines of the Medicine Bow range can be
seen, reminding us that we are walled in by lofty mountains. nut the
road is fine, and sometimes for long distances the track seems as straight
as an air-line. These broad, grassy plains are not yet entirely d~stitute
of their former inhabitants; flocks of antelope still feed on the rich nutritious grasses, but the buffalo, which once roamed here by thousands,
have disappeared forever. No trace of them is now left but the old trails,
which pass across the country in every direction, and the bleached skulls
which are scattered here and there over the ground. Tllese traces are
fast passing away. The skulls are decaying rapidly, and this once peculiar feature of the landscape in the West will be lost. Two years ago
I collected a large quantity of these bleached skulls and distributed
them to sevEral of our museums, in order to insure their presernttion.
'rhere is also a singular ethnological fact connected with these skulls .
. ...,Ne shall observe that the greater part of them have the forehead broken
in for a. space of three or four inches in diameter. Whenever au Indian
kills a buffalo he fractures the skull with his tomahawk and extracts the
brains, which he devours in a raw state.
Indians or old trappers traveling through the enemy's country always
fear to build a fire, lest the smoke attract the notice of the foe. The
consequence is that they have contracted the habit of eating certain
parts of an animal in an uncooked condition. I have estimated that
six men may make a full meal from a buffalo without lighting a fire.
The ribs on one side are taken out with a knife, and. the concaYity serves
as a dish. The brains are taken out of the skull, and the marrow from
the leg bones, and the two are chopped together in the ril>-di8h. The
liver and lungs are eaten with a keen relish, also certain portions of the
intestines, and the blood supplies an excellent and nutritious drink.
Both Indian and buffalo have probably disappeared foreYer from these
plains. Elk, black-tailed deer, red deer, mounta,in sheep, wolves, and
9 G
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the smaller animals are still quite abundant, especially in the valleys of
the small streams, where they flow down through the mountains; Elk
Mountain and Sheephead Mountain have always been noted localities for
these animals.
The traveler will have his attention called to Uarmicbael's Cut, an
excavation through the arenaceous clays and sandstones of the upper
cretaceous deposit, which has become noted for the wonderful fossils
found there. Baculites, A wmonites, Inocerami, and a great variety of
marine shells, glistening with the iridescent hue of mother-of-pearl, are
found in aggregated masses, as if this had been a portion of the cretaceous sea. Farther on, at Miser Station, these beautiful fossils occur
again in the greatest abundance, and thousands of them have been gathered and carried away by curiosity-seekers. Near Medicine Bow the
lower cretaceous clays prevail, and in the hills bordering the Medicine
Bow Creek a large singularly tuberculated ammonite is found associated
with a species of scaphites or boat-shaped shell, looking very much like
a large worm coiled up, and hence its name, S. Larvmjonnis. These
shells have received all sorts of names in the country, and the most
wonderful tales are related of petrified snakes, &c.
All over this Rocky Mountain region, from the Arctic Circle to the
Isthmus of Darien, these remarkable marine shells are found, and in
some instances upon the summits of the loftiest ranges.
The valleys of the Upper Missouri and Yellowstone Rivers have
already yielded nearly four hundred varieties of these sea-shells. We
have, therefore, the most ample evidence that in past geological times
the great ocean rolled all over the area now occupied by the mountain
ranges.
After passing Cooper's Creek Station we come into the black clays of
the lower cretaceous, and the appearance of the country becomes
dreary and sterile in the extreme. The waters are alka1ine, and there
is no timber along the creeks except stinted willows, and very little
gra&s or vegetation except chenopodiaceous shrubs, which are fond of
this alkaline soil. As far as the eye can reach nothing can be seen but
these somber, plastic clays. The surface also presents the characteristic
monotonous appearance which is common wherever these clays prevail.
Six miles before reaching Como we come to an interesting quarry of
sandstone, from which the materials for the construction of the extensive railroad buildings at Laramie City and Cheyenne are obtained.
The rock is gray, coarse, and friable, and one would suppose not durable
enough for E~uch important structures, but it is easily wrought into any
determinate form. This is a locality to which I call the special attention
of the geologist as one in which there is an interesting problem to work
'Out, viz: What is the exact position of this sandstone in the geological
series~ It is filled with fragments of vegetable impressions, with sometimes quite distinct deciduous leaves, much like those already noticed
in Chapter II as occurring at Blackbird Hill, on the Mjssouri River.
The leaves of the willow and poplar are quite distinct, reminding one
of those growing along our little streams at the present day, and yet
they are all of extinct species. These sandstones are local and seem to
naYe been deposited over a small area, inasmuch as they occur nowhere
else on the plains, so far as I have observed.
The black shales fiUed with remains of fishes and marine shells occur
above and below the sandstones, showing very clearly that they are of
lower cretaceous age. Still it would be a matter of interest to attempt
the construction of the physical conditions which ·were necessary in
those old cretaceous times, myriads of ages ago, for the ocean waters to
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deposit such an accumulation of sandy material in this locality. The
scenery is somewhat changed also; the little stream which cuts through
the rocks flows through vertical walls of the sandstoue one hundred to
two hundred feet high.
Farther ~:m toward Como we see on our right hand the brick-red beds
which are so common along the slopes of the first range. At Como
Station the road runs through a curious anticlinal va1ley, the strata
inclining in opposite directions a bout northeast and southwest. The
southwest side displays the most complete series of the beds . They
are composed for the most part of alternate layers of sands and some
harder beds of sandstone, but there are a few of these beds of marl, or
limestone, in which are found great quantities of fossil shells, Ostrcu
Pentacrinus asteriscus and Belemnites dens'lts. The oyster is a Yery
small one; the star-fish is very beautiful but imperfect; and the Belemnite or ancient cuttle-fish is more abundant and more characteristic than
the others. '.rhey are all of well-known Jurassic types. All around the
shores of the pretty little lake thousands of these sltarp-pointed Belemnites have been gathered and given to traYelers. These fossils are yery
abundant in some parts of Europe, where they are called" Ladies' Fingers," from their long, slender, symmetrical shape. These fragments
are all that remain of an animal that was probably quite large aud
complicated in its structure, much like the cuttle-fish of our present
seas. It undoubtedly had the power to secrete a black liquid, a sort of
ink or sepia, which it could emit at pleasure, and thus provide a place
of concealment when pursued by foes.
There are other attractions here, of which the trayeJer will be informed long before he reaches the locality. The "fish with legs" are
the only inhabitants of the lake, and numbers of persons make it a
business to catch and sell them to travelers. During the summer season they congregate in great numbers in the shallow water among the
weeds and grass near the shore, and can be easily caught, but in cold
weather they retire to the deeper portions of the lake and are not seen
again until spring. These little anima1s are possessed of gills, and were
it not for the legs, would most nearly resemble a miniature cat-fish.
But when warm weather comes, a form clm:;ely resembling them, but
entirely destitute of gills, may be seen in the water swimming, or creeping clumsily about on land. Sometimes they travel long distances and
are found in towns, near springs or wet places, usually one at a time,
while those with gills are ne-ver seen except in the alkaline lakes ·which
are so common all o-ver the West. Professor 0. C. 1\farsh, of Yale College, Connecticut, an eminent naturalist, while on an excursion along
the line of the Union Pacific Railroad two years ago, observed anumber of the gilled forms or Siredons, and taking tlwm to New HaYen,
watched their remarkable transformation into the more mature condition without gills. These animals belong to the family of Salamanders,
a group allied to the frogs, and the :tfrst form bears about the same relation to the last that the tadpole does to the mature frog. Professor
Marsh's very interesting and detailed account of these singular animals
can be found in the "American Journal of Science" for Novemberi 1868,
and from his article I have taken the following extracts:
"The first indications of any change were observed in one of the smaller specimens,
about six inches in length; and the metamorphosis bad apparently commenced during
the journey from Lake Como to New Haven, which lasted about a week. Small1·oun(l
spots of dark brown were first noticed on the sides of the tail, and the color of the entire animal gradually assumed a darker hue. The broad thin mcm brauc along the
back, and above and below the tail, gradually began to diminish by absorption; the
external branchial appendages soon became similarly affectc(.l, especially at the ends,
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and the animal came more frequently to the surface of the water for n,ir. As the change
went on, the dark spots increased in number and size, and gradually extended over the
whole upper part of the body .. The membrane on the back and tail entirely disappeared, leaving in its place in the dorsal region a sharp groove. 'rhc branchi::e also
continued to diminish, and at the same time the internal branchial arches began to
be absorbed, and shortly after the openings on the neck closed up. In the mean time the
head became more rounded above, and more oval in outline, the muzzle narrower and
more pointed, ancl the eyes more convex and prominent. The bod~' also decreased in
bulk, and the costal grooves became more distinct. The thin external skin was shed,
and the secretion of mucus from the surface sensibly diminished. During these
changes the animal showed an increasing desire to leave the water, often remaining for
some time with its external nostrils above the surface, and occasionally making violent
struggles to escape. Aided by a heavy rain at night it at last succeeded, and thus put
an end to fnrther observations, just at a time when it had lost the generic characters of
Sirerlon, and become a true Amblystoma, two forms of batrachians usually regarded hitherto n,s belonging to distinct families."
Fortunately, a few days later, several other specimens of various sizes began, nearly
at the same time, to show unmistakable indications of a similar transformation, and
tllis afforded an opportunity of noting the successive phases of the change more fully,
as well as observing the physical conditions which seemed to promote or retard it.
Two of the specimens were placed inn, glass jar, and left in a strong light, and five
others were kept in a. cooler place in the shade, the temperature of the two, however,
differing but n, few degrees. At the end of three weeks those in the glass vessel had
apparently completed their metamorphosis, while of the others less favorably situated
three only were pa.rtially altered, and at the present time, or nearly three weeks lat.er,
they still retain tubercular remnants of the external branch ire, although in most other
respects the change appeal's to be complete. The two remaining specimens, however,
which had throughont been kept with the three last, showed no distinct signs of changing, although the probability of their doing so, and the importance of retaining ·some
tangible evidence of the original condition, led to the transfer of one of them to a jar
of alcohol after the first week, a precaution, as the result showed, quite unnecessary in
the case of the other, which at the time of writing (October 5) still remains a typical
Siredon, with no alterations more important than a single appearance in a new epidermis.

Similar observations had already been made by a celebrated French
naturalist, Professor Dumeril, on an allied species, found on the tablelands of 1\fexico ; and it was a matter of no small interest to Professor
Marsh to ascertain whether this species would undergo a similar change
when placed under different physical conditions, hence these creatures
were watched with great care.
Among the more important changes which occurred during the metamorphosis may
be mentioned the decrease in the size of the entire body, which was very marked, a
perceptible increase in the distinctness of the costal grooves corresponding to the vertebrre, and the gradual ossification of the carpus and tarsus. The feet also became less
pa,lmate, and the toes less depressed. During the transformation, moreover, and especially after its completion, all the specimens shed the thin, transparent epidermis, some
of them very frequently ; one, indeed, which hacl been kept in a strong light, lost this
covering three times in the ten days immediately following the metamorphosis.
Tlte chango in the habits of the Siredon in passing into the Amblystoma state was
scarcely less marked than the alteration in its physical characters. As soon as the absorption of the external branchire commenced, the animal came more frequently to the
top of the water and took a mouthful of air; and not long afterwards would occasionally float for some time at an angle of about 45°, with the external nostrils above
the surface. :Frequent efforts to leave the water soon followed, and an opportunity of
so doing was in most instances speedily iVlproved, and the change then seemed to progress more rapidly. One or two specimens, however, showed for some time, especially
in cool weather, much less inclination to desert their native element, apparently suffering little or no inconvenience from remaining under water, if allowed to come t@
the surface about once in five minutes. The pugnacious propensities of the Siredons
which at first led to occasional ass:mlts on one another, appeared to diminish as the
change progressed, and the more sluggish nature of salarncmdm·s at last predominated ;
although the altered forms at times showed no little celerity of movement, and when
irritated, especially when held by the tail, would often turn and snap at the hand with
a mpidit.y that would have done no discredit to a reptile of much higher organization.
The effect on the metamorphosis of a variation in light and temperature has already
been alluded to. During a succession of very warm days, about the first of September,
the change progressed with great rapidity, but it apparently ceased, or made very slight
progress, in the cool week that followed. While, moreover, the two specimens most
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favOied in regard to light and warmth passed apparently through the entire transformation in about twenty clays, those which commenced at the same time, but were
less favorably situated, required at least twice that time for its completion. The only
living specimen still remaining unchanged has twice shown slight indications of an
approaching metamorphosis, but with the exception of some spots, these have apparently soon disappeared after a transfer to a dark and cooler place.

As we pass on westward we come into the eastern border of the great
coal fields of the Rocky Mountains, and inasmuch as they are of Yast
importance to this great thoroughfare, as well as to the country, I will
make them the subject of the next chapter.

CHAPTER XI.
WESTWARD TO BEAR RIVER.

Soon after passing Medicine Bow Station, the dark, somber appearance of the surface of the country ceases, and the more cheerful aspect
produced by the overlapping of the tertiary beds is seen. We move on
rapidly through inclined ridges of sandstone and shaly clays, dipping
westward from 300 to 500. Here we begin to discover indications of
coal in the black bands of carbonaceous clay that crop out on either side
of the road. But the most marked development of the coal beds will be
observed at Carbon Station, about one hundred miles west of Laramie.
The first openings were made about three hundred yards from the railroad track, where a bed of coal was discovered nine feet in thickness.
The demand for the coal was such that it was thought advisable by the
company to sink a shaft close by the track, and now the coal is taken
out in large guantities daily for the use of locomotives. A thriving little
town has been built up here by the coal trade alone.
The coal which is taken out of this mine is of the best quality of the
tertiary brown kind, and is very compact and pure. It is not as hard
as anthracite, but the rniners informed me that it was more difficult to
work than the bituminous coals of Pennsylvania. The engineers speak
in high terms of it as fuel for locomotive use.
Just over the coal is an earthy bed of what the miners call ''slate,"
which breaks into slabs, showing a woody fiber, and much of it looks
like charred wood or soft charcoal. A little higher up we find thin
layers composed almost entirely of fragments of deciduous leaves, and
above these come various kinds of clays and sands. Beneath the coal
there are indurateu clays and rocky strata, in which occur thousands of
impressions of leaves much like those of our common forest trees, but
belonging to species long since extinct. They belong, however, to
genera such as Pop1tl'tts, Platctnus, Tilia, with many others, most perfectly
preserved, and all plainly pointing to a period far back in the geological past when these vast, treeless regions of the present time were covered with dense forests, surpassing even those now growing in Ohio and
Kentucky. Some of the layers of rock, two to four inches in thickness,
are almost entirely made up of these leaves, and the condition in which
they have been preserved shows that they could not have been transported any distance, but must have fallen from trees that grew in the
vicinity. Indeed, there is no doubt, for myriads of ages in the past,
gigantic poplars, sycamores, lindens, oaks and others spread their
broad branches over the shores of 1:-iome little streams or lakes, and shed
their foliage in the shallow waters in the same manner as they do at the
present day. In the autumn I have seen the sandy bDttoms of the little
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streams that flow into the Missouri and Yellowstone Rivers filled with
the leaves of the cottonwood and elm in a perfect state of presernttion,
and bad the conditions been favorable for compacting these sediments
into rocky layerR, the geologist might have split them open with his
hammer, and revealed the leaf impressions as perfectly preserved iu
every part as if they had been carefully pressed in a lady's herbarium.
The traveler will find it profitable and instructive to remain at this
locality a day.
.The coal is not confined to the neighborhood of the road. It crops
out in many localities for twenty or thirty miles on either side, so that
we see there is an abundant supply of fuel stored away for future use
beneath this apparently barren surface. When we reflect that nearly
all the wood or timber that is used along the line of the road has to be
transported a distance of twenty to forty miles, and that even this scant
supply will be exhausted within a few years, we shall at once arrive at
the conclusion that the future success of this great thoroughfare is
entirely dependent on the supply of mineral fuel, and that its importance
for all time to come cannot be too highly estimated.
The coal formations extend along the line of the road to St. :Mary's
Station, a distance of twent.y-five miles west of Carbon; from thence to
Rawlins's Springs~ about thirty miles, the road passes over strata which
are mostly of cretaceous age. To the geologist this entire region is one
of great interest. Even up to the present time it is invested with much
obscurity. Probably no rocks older than cretaceous or tertiary occur;
but the beds are so complicateu by the forces that have elevated the
neighboring mountain ranges that it is difficult to unravel their relations.
Soon after leaving Carbon we pass through several cuts which show
the strata, sometimes inclining nearly west, and soon again in the opposite direction. We seem to be continually passing across a series of
anticlinal and synclinal axes. Just before reaching the North Platte
RiYer we pass along the valley of one of the most remarkable anticlinals
in the vVest. On either side of the road the rusty-gray sands and
sandstones incline at an angle of 10° to 15°. The strata rise like walls
· on both sides to the height of seven hundred or eight hundred feet in
graduated ridges or steps. I have been informed that thin beds of coal
have been discovered within a few miles of Fort Steele; if this be so,
they must occur high up ou the summits of these ridges. Near the
bridge over the North Platte the black, plastic clays of the lower cretaceous are distinctly seen, but following up the exposed edges of the
inclined ridges we find an oyster and an Inoceramus which are peculiar
to the upper cretaceous beds. Passing up still higher, we shall discover thin layers made up wholly of a small species of oyster, which
seems to be characteristic of what I regard as transition or beds of passage between the strictly marine sediments of the cretaceous era, and
the brackish and the fi.·esh water which characterize the tertiary period.
We can see here a marked instance of a valley of erosion, or a long
natural opening, as if prepared in ages past for the passage of the road.
We can reflect with what ease comparatively it has been eonstructed
across what would seem to be an impassable country, by following the
water-courses and their valleys of erosion, admiring the energy and
consummate skill of the engineers who first located the road through
this wild and rugged region.
We have not alluded to the scenery iu this vicinity from the fact that
to the ordinary traveler there is little that is attractive. To most
persons the whole country would appear like a barren waste. But if
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we look far away southward toward the sources of the North Platte in
the North Park, we shall see some lofty ranges of mountains ''ith peaks
that loom up in solitary grandeur. Elk :Mountain is a noted lanclluark,
and seems to rise out of the plain as if it were an isolated peak. His,
however, a portion of the Medicine Bow range, partially cut off from
the northern end. It is surrounded b~y rolling prairie, which is covered
the greater portion of the year with splendid grasR. lleuce all the
river valleys in this portion of the mountains have been noted places
for game of all kinds, as elk, deer, mountain sheep, &c. Falmlous stories are also told of the mines of gold and silver which have been discovered. As yet the geology is little known. 'J.1he sides of these mouutains are covered with dense forests of pine, spruce, and hemlock ; and
during the construction of the railroad thousands of ties were floated
down the branches of the North Platte into the main stream and thelH~e
taken to their destination. The little streams that flow from the mountains have in many places quite broad Yalleys, which afford an abundance of hay and pasturage for all kinds of animals, wild and domestic.
The wild animals often descend into the beautiful grassy bottoms to
feed in large herds, and at the least approach of danger retire to the
almost inaccessible ravines and gorges of the mountains. The big-horn
or mountain sheep may often be seen in flocks, peering from some
mountain peak upon the traveler below. Early in the morning these
animals descend into the valleys to crop the moist grass, but during
the gTeater portion of the day they will be found, if discovered at all,
upon the most precipitous crags and ridges of the mountains. The
little streams are full of fine tro:ut, which are easily caught, they not
having learned as yet the cunning arts of self-protection, like their eastern relatives. These ravines and gorges afford most excellent shelter,
both for Indians and animals, during the cold season of winter. The
close proximity of this delightful region to the railroad must make it a
desirable place of resort for sportsmen during the ~mmmer.
There is another interesting feature connected with the North Platte
and its tributaries, as well as with most of the mountain streams, to
which I would call the attention of the inquiring tr~veler; and that is,
the abundant signs of the existence of that most sagacious animal, the
beaver. These mountain streams seem to abound with them at the
present time, and their dams are very nnmerons, not unfrequently producing a rise of the water, three to fiye feet. Extensive dams and
ponds are caused by these industrious animals, and sometimes quite
large areas in the valleys are oyerfiowed, rendering the crossing difficult and dangerous. ThP-y sometimes strip off the usual fringe of cottonwood and willows along the streams so completely that they are
obliged to emigrate to some other locality to secure food allll matP-rials
to repair tbeir dams.
Not far from Fort Steele may be seen at this time cottonwood trees,
eighteen and twenty inches in diameter, which have been cut down by
them, an<l I have seen stumps in the valley of the Yellowstone thirty
inches in diameter. Their fur is of so little value at the present time
that they are not much sought for by trappers or Indians.
From St. Mary's to Rawlings' Springs, a distance of about thirty miles,
the railroad passes over rocks of cretaceous age. No coal beds need be
sought for in the immediate vicinity of the road, although it is quite
possible that on the north side of the road isolated patches of tertiary
containing coal may be found. The railroad from a point about eight
miles east of Benton to Rawlings' Springs passes through one of the
most beautiful auticlinal yalleys I have seen in the 'Vest. On either
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side the rusty-gray sands and sandstones dip away from the road at an
angle of 100 to 15°. This anticlinal valley is most marked near Fort
Steele at the crossing of the North Platte.
About fiye miles east of Fort Steele I made a careful examination of
a railroad cut through a ridge of upheaval, which inclined about south
or a little east of south. We have exposed here, commencing at the
bottom1. Gray, fine-grained sandstone, rather massive and good for buildi:p.g
purposes, and easily worked, eighty feet thick-dip 250.
2. A seam, two feet thick, of irregular, black, indurated slaty clay,
with layers of gypsum all through it, then two feet of arenaceous clay.
3. Ten feet of rusty-gray, compact sandstone.
4. Eight feet of clay and hard, arenaceous layers, Yery dark in color,
passing up into harder layers, which split into thin laminm, the surfaces
of which are covered with bits of vegetable matter.
5. About fifty feet of rusty, yellowish-gray sandstone. All these sandstones contain bits of vegetable matter scattered through them.
6. One hundred to one hundred and fifty feet of steel-brown indurated
clay with some iron concretions. The clay is mostly nodular in form.
7. A dark-brown arenaceous mud rock, quite hard, thirty feet.
From bed five, I obtained numerous species of marine shells, among
them a species of Ostrea and Inoceramus in great numbers. The upper
surfaces of the hard clay layers appeared as though crowded with impressions of sea-weeds or mud markings. In another railroad cutting
about four miles east of Rawlings' Springs I obtained the same Inoceramus and a large species of Ammonite. These fossils are important in establishing the age of these rocks. Fort Steele is located on the north side
of the railroad, and presents a pleasant and quite pretty appearance to
the traveler. I intended to make a more careful examination of the geological features of this interesting n~gion, but failed for want of time.
The officers at this post have alwa:ys manifested great interest in haYing the scientific as well as the practical resources of the surrounding
country examined, and their favors to my party have been very generous. I take great pleasure in thanking the commandant, Colonel L. A.
Bradley, of the Ninth Infantry, also Captain James Jackson, quartermaster, for favors extended to me in time of need.
In the channel of the North Platte, near Fort Steele, the black clays
of the upper cretaceous are most distinctly shown,. then gradually pass
up into the series of sandstones and clays that form the lofty walls or
ridges on the north side of the railroad. We can count from six to ten
beds of yellowish-brown sandstone, with inclining beds of arenaceous
clay. In the lower portions the Inoceramus or Baculite is rarely found,
the arenaceous character of the sediments seeming to have been unfavorable to abundant animal life. Higher up a seam of oyster-shells of an
unknown species occurs. They are probably what I have regarded as
the transition or beds of passage from the cretaceous to the tertiary.
They are even better displayed fi·om the west side of Bridger's Pass to
Elk Mountain, along the old overland stage road. Beds of coal are
known to crop out among the distant hills on either side. There is
undoubtedly a mingling of the two formations to such an extent that a
careful detailed survey of this district is necessary to clear up all the
obscure points. It is probable, however, that the North Platte cuts
down into the cretaceous beds most of the way, and possibly entirely,
· from the mountains to the south, far north of the railroad.
Fig. 11 may be introduced in this connection to illustrate the style of
the erosion of the lower tertiary coal formatjons in the Laramie plain.
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The view is taken from the tertiary hills bordering the :Missouri River,
near the mouth of the Y~llowstone, but is typical of the "bad lands"
all over the West where this formation prevails. The little streams
formed from the drainage of the hills cut deep gorges into the soft
superficial deposits at their base, and frequently produce great obstructions to trains of wagons.
Fig. 11.

As we move on west of Fort Steele, we can see on the north side the
outcropping beds of sandstone. A bout three miles west of the North
Platte this ridge gradually bends off' toward the northwest. The cretaceous clays of No. 4 are weathered so that the surface has a smoothly
rounded appearance, and the anticlinal beds expand out into a broad
plain. The anticlinal extends a little east of south toward Pass Creek.
The erosive forces seem to have come from the southeast, between the
detached fragments of the :Medicine Bow range, and extended across
the country toward the north west. West of Fort Steele the road passes
along an anticlinal valley for about two miles ; it then enters a monoclinal valley and continues for six or eight miles; then it cuts through
cretaceous ridges which incline northeast. Before reaching Rawlings's
Springs the red beds are exposed on the north side of the road about a
mile distant. These anticlinals seem to pass across the intervening
countr,y, connecting the ranges of mountains south with those far to the
north. It is only here and there that rocks older than the cretaceous
or tertiary are exposed by them, until we come into the vicinity of
some important range. But at Rawlings' Springs all the formations
are exposed over a restricted area, from the granites to the cretaceous
inclusive. The elevating forces were exerted more powerfully here than
at any other point along the railroad from Laramie Station to the
Wasatch :Mountains. To the south of the road are variegated gray,
brown, and reddish siliceous rocks dipping 50 to 100 southwest. A very
hard, bluish limestone resting upon them I have no doubt is carboniferous, although I was unable to find any fossils in this region. North of
the road ridges of upheaval stretch away toward the northwest, and attain a height of twelve hundred to fifteen hundred feet above the road.
On careful examination the red syenite may be found exposed iu anumber of places, and gives uR the opportunity of studying tlw relation
which the unchanged rocks sustain to the metamorphic. The s;yenite
beds dip 70° about southeast, the unchanged beds resting upon them
in nearly a horizontal position. The layers immediately on the syenite
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are a beautiful pudding-stone of rounded quartz pebbles and feldspar,
and aboYe it layers of fine siliceous rock, with thin intercalations of clay,
the whole having the position aw.l appearance of Potsdam srmdstone.
I am inclined to believe that we have here Lower Silurian representatives.
In all cases these rocks repose on the upturned edges of the syenite,
sometimes nearly horizontal; again inclining 30 to 100. In one or two
places these Lower Silurian beds are lifted a thousand feet or more into
the air, still maintaining a nearly horizontal position. On the mountain
sides the beds are broken off so as to incline 5oo, Goo, up to nearly goo.
These siliceous rocks, covered with ripple marks, &c., afford excellent
building stone, and are much used by the railroad company. They
reach a thickness of :five hundred to eight hundred feet. Upon them
rests the blue limestone, thirty to forty feet thick; then variegated
sandstones; and the red beds in the distance.
From the tops of these ridges one· can see numbers of both synclinal
and monoclinal valleys. There is one monoclinal valley, three to :five
miles wide, which stretches far into the northwest, a smooth and level
grassy prairie. AU these ridges have suffered great erosion, and the
Silurian beds are planed and gTooved even to a greater extent than the
more recent beds. Everywhere the eyidences of erosion during the
drift period are on a gigantic scale.
A :fine sulphur spring from under the bed of blue limestone gives
name to the station. The water is clear and possesses excellent medicinal properties.
Some very interesting specimens of native copper h~Ye been found in
this ridge, which at one time produced no small degree of excitement
among the inhabitants. The copper ore was found, on more careful
investigation, to be of no special economic value. It seems to occur as
a sort of chemical. precipitate in the reddish triassic quartzite near the
summit of the ridge; sometimes it is diffused through the rock in green
streaks in the form of green carbonate; sometimes coating largg
masses of calcspar; there are also very pretty dendritic impressions.
Near the copper mines are some heavy beds of red oxide of iron, which
must at some period become of great value to the country. The beds
are four to six feet thick, and though they appear to be local, yet a
great amount of ore could be taken out at comparativel;y small cost.
It is an interesting fact that, although we are continually traveling
across what is usually regarded as the summit of the great Rocky
l\Iountain range, six thousand to seven thousand feet above tide-water,
yet this is the only locality along the road, between the Laramie Mountains and the 'Vasatch Range, in Weber Valley, where we meet with
rocks older than Jurassic, and, except for a few miles near Lake Como,
none older than cretaceous. Rocks of ancient date seem to be the exception, while those of quite modern age, geologically speaking, prevail.
Leaving Rawlings' Springs Station, the road passes through an anticlinal opening in the ridge, the south side inclining southeast 10° to 120.
The lowest beds are yellowish-gray quartzose sandstones, oyerlaid by
carboniferous limestones. Still farther, south of the road, may be seen
the rounded hills composed of the cretaceous and tertiary beds, but the
intermediate formations, tTurassic a,ud triassic, which are exposed on the
north side, are concealed. Perhaps the best example of an anticlinal
is seen soon after passing through the opening in the north side of the
road. The valley trends a little west of nort.b, or northwest. It does
not show as distinctly on the north side of the road, with the excevtion
of the fragment of a ridge which is conspicuous on the south side of the
opening. Very soon the coal beds of the lower eocene appear on either
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side, inclining at a moderate angle, at first 15°. On the north side
there is a plain, synclinal valley, extending off to the southwest. Passing across this anticlinal, we come out into an expansive, valley-like
plain, with a long cretaceous ridge extending off to the southeast, while
on the north side there is a lo\v ridge of sandstone, with tile strata again
inclining to the northeast and trending to the northwest, thus forming
an open sage plain. The formations on the north side are mainly the
coal-bearing strata, with cretaceous elays cropping out at the base. On
the south side the cretaceous beds seem to extend off to the southward
as far as the eye can reach. In the distance the ridges which form the
high bills near Bridger's Pass are distinctly visible, so that it is easy
to connect our south belt of exploration with the middle one. It becomes still easier west of Separation, where the beds of the Washakie
group are nearly or quite horizontal, and extend undisturbed across the
country for nearly one hundred miles, from the Seminole and Sweetwater
ranges on the north to the high hills of Bridger's Pass and the ranges
to the southwest. The lower eocene, or coal beds, seem to dip from the
mountains to the southward, if we glance across the country south of
the road; and gradually to the north of the road they flex around so
as to incline from the Seminole and Sweetwater ]\fountains. As usual,
the lower tertiary beds are quite variegated in color-yellow, rusty-yellow, rusty-brown, and drab-presenting an exceedingly uncomely look.
In the distance to the north the Seminole range can be seen quite clearly,
with a trend about northwest and southeast.
Near Separation, about ten miles west of Rawlings' Springs, a coal
bed eleven feet thick has been opened, probably the same as the one
opened at Carbon, and near Rock and Cooper Creek. The dip is nearly
west about 10°. The opening being at the summit of the bill, all the
coal will have to be drawn up a slope, and the difficulties of drainage
will be greatly increased. The coal is of excellent quality. Above and
below the coal is the usual drab indurated clay. Below the clay is a bed
of gray ferruginous sandstone.
On the summits of the hills in the vicinity are ]ayers of fine-grained
siliceous rocks with arenaceous concretions, some of them containing
impressions of deciduous leaves.
The tertiary beds lie in ridges running across the country. The beds
are uplifted in every direction. A more desolate region I ha,ye not seen
in the West. Nothing seems to grow but sage bushes, and in some of
the \alleys they grow very large. All over the surface of the hills and
in the plains are great quantities of water-worn pebbles. Many of these
Yallcys were scooped out by an amouut of waters far in excess of any
known at the present day in this region. Some of the widest and deepest do not now contain any running stream.
The layers of fine-grained sandstone on the hills in this vicinity contain more or less impressions of leaves, like Populus and Platanus, in a
good state of preservation.
VVest of Separation the dip of the tertiary beds diminishes. Before
reaching Creston, about thirteen miles west of Separation, they lie nearly
horizontal, and all the surrounding country presents more the appearance of a plain. At thai station the Union Pacific Railroad Company
have nnk a well one·hundrecl feet or more deep. At a depth of eightythree feet, the workmen passed through four feet of excellent coal
and four feet of coaly shale. The coal was of about the same
quality as that near Separation, probably from the same bed. ]f so,
coal at a depth of about eighty feet must underlie an area of· at least
one hundred square miles. In this 'Yell, beds of bluish, arenaceom; clay
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were passed through first, then black clay, with carbonaceous m~tter
throughout. Just over the coal was fine, bluish, indurated clay, with
very distinct impressions of leaves, among which the most abundant
were Populus and Platamts. The railroad cuts and the valleys themselves show very distinctly the character of the intermediate softer beds.
The erosion has been so great in this country, and all hills and caiions
are so covered with debris, that it is almost impossible to obtain a clear
idea of the color and composition of the intermediate softer beds. The
harder sandstones, &c., project from the surface, and are accessible to
the eye without much excavation. Marine and fresh-water tertiary
formations occupy th~ whole country along the line of the railroad to
Quaking Asp Summit, west of Fort Bridger, and also to Salt Lake to
a greater or less extent.
From Creston to Bitter Creek Station, a distance of forty-five miles,
the b.eds are mostly fresh-water, and hold a nearly horizontal position.
West. of Bitter Creek we come again upon marine tertiaries, dipping 30
to 60 nearly east. We have, therefore, between Rawlings' Springs and
Green River, a sort of synclinal basin, the marine tertiary dipping west
about 10° on the east side, and the same marine beds inclining east 30
to 60 on the west side; while at Table Rock, Red Desert, and W ashakie, a considerable thickness of purely fresh-water beds are filled with
fresh-water shells Unio Wa.shakeei, GoniobasisSimpso·ni, and Viviparus.
Table Rock is a square butte lifting itself about four hundred feet
above the level of the road, composed of the beds of a sandstone which
in many instances is little more than an aggregation of fresh-water
shells.
After leaving Bitter Creek Station the hills approach nearer to the
road, and show the characteristic features of the marine tertiary again.
Seams of coal appear in many places, while yellow arenaceous marls,
light-gray sand with indurated clay beds, and more or less thick layers
of sandstone occur. The dip varies from 3° to 6° east or nearly east.
At Black Butte Station, on Bitter Creek, about fifteen miles west of
Bitter Creek Station, there is a heavy bed of yellow ferruginous sandstone, irregular in its thickness and in part concretionary, and full of
rusty concretions of sandstones of every size, from an inch to several
feet in diameter, mostly spherical, and when broken revealing large
cavities filled with oxide of iron loam. This sandstone, one hundred
and fifty to two hundred feet in thickness, forms nearly vertical bluffs,
and is. worn by atmospheric agencies into the most fantastic shapes.
Above it are sands, clays, sandstones of every texture, and coal beds,
one of which, near the summit of the hills, has been burned, baking
and melting the superincumbent beds. I found in severalla.yers tlJe
greatest abundance of deciduous leaves, aud among them a :fine palm
leaf, probably the same species which occurs in the coal beds on the
Upper Missouri, named by Dr. Newberry, Sabal Cantpbelli. There is
also a thin seam near one of the coal beds made up of a small speeies
of Ostrea..
The railroad passes down the Bitter Creek Valley, which from its channel through the tertiary beds, and on each side high walls can be seen
inclining at moderate angles. As we pass down the -valley toward Green
River, the inclination brings to view lower and lower beds. These are
aU plainly marine tertiaries, while an abundance of impressions of plants
are found everywhere. No strictly fresh-water shells occur, but seams
of Ost1·ea of vilrious species.
In the final report, some detailed sections of these tertiary beds will
be given. Yet I am convinced tha;t local sections are not very import.

GEOLOGICAL SURVEY OF THE TERRITORIES.

J.cil

ant. The character is so changeable that two sections taken ten miles
apart would not be identical, and in some cases not even very similar.
The more recent the age of formations the less persistent seem to be
their lithological characters over extended areas.
From Black Buttes to Point of Hocks the dip is southeast. About
:five miles west the principal bed of gray-brown sandstone rises to the
surface. The railroad runs through what I have termed a monoclinal
valley, that is, an interval between two upheaved ridges inclining in
the same direction, the high outcropping hills on the north side, and
the sloping portion on the other. The principal coal beds lie above the
massive bed of sandstone, which forms a line of s~paration between the
clays above, which are full of beds of coal, and tile alternate beds of
sandstone and clay beneath, in which there are few seams of coal.
The tendency of this sandstone to weather into curious forms and
cavities has given peculiar names to localities, as ''Hermit's Grotto,"
"Ca-ves of the Sand," " Water-washed Caves of the Fairies," all of whick
exhibit most singular, rounded cavities worn out of the sandstone,
sometimes extending into the bluff walls several feet. We may supposo
that most of these cavities originally contained a spherical concretion
which first determined their present rounded shape, and that the longcontinued action of the wind and storms has enlarged them to their
present dimensions. Perhaps, also, the trickling of water, or the process
of freezing and thawing, may have performed a part in disintegrating
the particles of saud. Here, too, we :find preserved ia the rocks the
greatest abundance of deciduous leaves of the poplar, ash, elm, maple,
&c., and among them some species which are found in the coal formations on the Upper lVfissouri. Among the fossil plants found is a species of fan-palm, which, at the time it grew here, displayed a leaf of
enormous dimensions, sometimes having a spread of ten or twelve feet.
These gigantic palms seem to haye formed a conspicuous feature among
the trees of these ancient forests.
At almost every station, from Bitter Creek to Rock Springs, coai
mines are opened, and an abundant supply for railroad purposes can be
easily obtained. At one locality, near Point of Rocks, five beds were
opened in the same bluff, within a vertical height of eighty feet. Tbes<~
beds are respectively five, one, four, three, and six and a half feet in
thickness. Near the summit of the hill, just over the coal, is a seam of
oyster shells six inches in thickness. The oyster is of an extinct and
undescribed species, about the size of our common edible one.
There are also in thi~ range of hills extensive beds of hard, tabular
layers of rock, which would make excellent :flagging-stones. On the
surface are fine illustrations of wave and ripple marking:;;, and at one
locality impressions which appear like the tracks of a mule on the soft
bottom ground. There are others that might be attributed to a huge
bird, and others to some four-toed pachyderm. Scattered all through
the coal strata are seams and concretionary masses of brown iron ore,
sometimes local and sometimes persistent over extended areas; it occurs
mostly in a nodular form, and if the coal proves to possess sufficient
heating power to smelt it, the ore must become eventually of immense
economic value. There are also numerous chalybeate and sulphur
springs in the vicinity.
About ten miles east of Salt vVells Station the high hills or bluffs on
either side disappear, and it is plain that. we are passing across an anticlinal valley in which only tlle yielding clays of the upper cretaceous
period are seen. These clays have permitted thB surface to be so
rounded off that a distinct anticlinal valley can be seen extending
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across the country northeast and southwest. This valley is about six
miles wide. Then the lower tertiary beds arise to the surface with a
reversed dip and gradually pass up through a series of sandstones, clays,
and arenaceous clays to the Green River shales. At Hock Springs the
Wyoming Coal Company, under the direction of Mr. Thomas Wardell,
an experienced coal miner, has opened a very valuable coal bed, which
is now furnishing large supplies of fuel to the railroad.
Very soon after leaving Rock Springs Station the Green River Group
is seen on thR bluff hills on either side of the road to the entrance of Bitter
Creek into Green River. In the Green River Valley are seen remarkable
sections of strata. I have called this group the Green River shales,
because it is composed of thin layers, varying in thickness from that of
a knife-blade to several inches. The rocks all have a grayish-buff
color on exposure, sometimes with bands of dark brown. These darker
bands are saturated with an oily substance, which causes them to
ignite readily. At one time this material was used as a fuel in stoves,
and burned well, giving off a good supply of heat; but it was found
that the bulk of earthy matter, after the combustible portion was
burned out, was as great as the original mass, and rendered it too inconvenient. One of the cuts along the railroad passes through a layer
of the cream-colored chalky limestone. There were one or two beds of
this petroleum earth.
During the progress of the excavations the workmen built a fire
by the side of one of the walls, and this oily earth ignited and burned
for several days, giving light to the workmen by night, and :filling
the valley with a dense smoke by day. The best display of the Green
River shales is near the station on the railroad. At the base of the
bluffs we have thin layers of arenaceous clay, with laminated sandstone,
with mud markings and other indications of shallow water or mud flats;
color ashen brown, 100 feet. Above, lighter-colored layers with alternations of a greenish layer, fine white sand, the whole weathering a light
gray. As we pass up we find a large increase of cla:y, and some lime,
with now and then a thin layer of pebbles or small nodules. The layers
vary from the thickness of a knife-blade to twelve inches, split easily
and regularly. There are also local beds, four to ten feet thick, of porous
limestone, which have the appearance of having been deposited from
springs during the tertiary period. There are also seams of very :fine
limestone that are quite black, so thoroughly is the rock saturated with
petroleum. The combustible shales vary in thickness, from two to several
feet. Near the summit of the hill, under the yellow calcareous sandstone,
there are :fifty feet of the shales that contain more or less of the oily
material. The hills all around are capped with a deep rusty-yellow calcareous sandstone, which weathers into the peculiar castellated forms
which have given so much celebrity to the scenery in this region. The
different shades of color in the thin layers give to the vertical walls a .
distinct banded appearance.
About two miles west of the station there is an excavation which has
been called the Petrified Fish Cut, on account of the thousands of beautiful and perfect impressions of fishes which are shown on the surface
of the thin slabs, sometimes a dozen or two on an area of a square foot.
Impressions of insects and water plants am also found, as well as of a
remarkable specimen of a feather of a bird, which Professor Marsh
regards as a unique spec.imen, forming a most interesting addition to
·the bird remains of North America. ''It is the distal portion of a large
feather, with the shaft and vane in such excellent preservation that it
~ay perhaps indicate approximately the nature of the bird to which
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it belonged." My collection of fossil fishes from this cut is very large,
and my success was mostly due to the kind aid of l\ir. A. \V. Hilliard,
a gentleman of intelligence, who superintended the excavation along the
line of the railroad, and preserved from time to time such specimens of
value as came in his way. If the example of l\Ir. Hilliard ha<l been
imitated all along the line of this railway thousands of most valuable
specimens would have been preserved which are now lost to science.
The existence of such vast quantities of animal life, during this period,
as those shaly layers would indicate, may account for the oily nature of
much of this rock. In a portion of this cut there is an apparent clip
northwest about 18°, but I am disposed to regard it as local. At the
west end of the cut are some singular, dike-like openings, filled with loose
material from the rusty sandstone near the top of the hill. These fissures are evidently due to jointage, and appear like regular mineral
lodes with well-defined walls.. In most cases they extend up through the
shaly layers to the rusty-yellow arenaceous marls, and these fissures
have been so closely filled with this material that it must have occurred
from deposition, that is, the fissures were formed before the deposition
of the calcareous sandstone above.
For a most interesting account of the fossil fishes of this group the
reader is referred to the essay of Professor Cope in Part IV of this
report.
About a mile west of the "Petrified Fish Bed" is a cut along the railroad which passes through a moderate thickness of buff, chalky limestones, filled with impressions of leaves of deciduous trees. These rocks
hold a position about one hundred feet above the petroleum shales
which eontain the fish remains, and therefore the date of their existence may be regarded as subsequent, though belonging to the same
basin. Professor J. S. Newberry, our best authority on the fossil Yegetation of America, has given these plants a hasty examination, and communicated the following interesting notes in the form of a letter:
I ha,ve cxa,mineu the pla.nts from the Green River beds with a,s much care as the
limited time a.t my comma,nd would permit, and am surprised in not finding among
them a single species contained in any of your other great collections at the far vV est.
They thus far a.fford no certain criteria for collating the Green River tertiaries with
those of other localities wbere you have studied them. 'l'he plants from the rocks
inclosing tbe coal at Ma,rsball's mine are more significant, as they include species (Platanus haydeni, which is certainly different from Platanus acm·oides) such as were fouu<l
by you at Ca,rbon Station and at the mouth of the Yellowstone. Every collection of
fossil plants received from the tertiary of the West brings to light many new species,
and the great diversity which they exhibit proves either a, number of plant-bearing
horizons, or great localization of the species in the tertiary flora.
Among your Green River pla,nts q,re only some half dozen species so well preserved
as to be capable of satisfactory identification or comparison, but they form a very
interesting group. Among them I find two palms, both quite unlike anything before
found on this continent. One is a new Phenicites, resembling JI.eer's Manicaria jormo8ct.
The other but an imperfect fragment, yet a,ltogether new and strange to me. The most
abundant species contained in the collection is a Magnolia, allied to M. tenuinervis,
Lesq., but more elongate and acute; also an oak resembling Qnercus Safforcli of Lesq.
'!'here is another oa,k in the collection, a laurel, (probably,) aud fragments of two ferns,
too imperfect for determination. On the whole, these plantr;; resemble most those
described by Lesqueruex, from Mississippi, and I am inclined to suspect arc of the same
age. This woul<l ma.ke the Green River beds older tha,n you·lmve thought them, and
I should want more material before venturing anything more than a suggestion to
that effect. I trust you will be able to make other collections: from these plaut beds
during the present season.
The specimens contained in the buff, marly limestones of the Green River series are
generally not well preserved, and yet, I think, careful searC'h at the locality "·here
these plants sent me were obtained would result in the discovery of. some tine things.
I would especia.Uy urge a search for fruits.
Tho aspect of the small group of plants now before me from Green River is more
tropical than any you have brought from the 'Vest, and as we 'have reason to boliev~
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.that our eocene climate was warmer than the miocene, and that from the eocene epoch
to the glacial period a progression of tempera.ture took place, the Green River beds
would seem to me to prove earlier than late miocene.

Geologists have as yet explored thiR interesting region only in the
most superficial way, and we have caught but a glimpse of the wonderful treasures which will some time be brought to light. The strata are
nearly horizontal, and the rivers have cut such deep channels in them
that they can be studied with comparative ease. Professor Denton,
who made an exploration of the country about one hundred miles south
of the railroad, has gi,~en a graphic account of his discoveries, which
shows very clearly the geographical extension of this formation. Near
the junction of White and Green Rivers, partly in Colorado and partly
in Utah, he describes an immense tertiary deposit, composed of a series
of petroleum shales, oue thousand feet in thickness, varying in color
from that of cream to the blackness of cannel coal. The shales abound
in the impressions of leaves and of various species of insects. 1\fr. Samuel H. Scudder, of Boston, published in the American Naturalist for
February, 1868, a most interesting account of the insects collected . by
Professor Denton. He says:
The masses of rock were crowded with remains of insects and leaves of deciduous
trees. Between sixty and seventy species of insects were brought home, representing
nearly all the different orders; about two-thirds of the species were flies, some of them
the perfect insect, others the maggot-like larv::e, but in no inst.anee did the imago and
larvre of the same insect occur. The greater part of the beetles were quite small.
There were three or four kinds of Homeoptera, (allied to the treehoppers,) ants of two
different genera, and a poorly-preserved moth. Perhaps a minute Thrips, belonging to
a group which has never been found fossil in any prtrt of the ·world, is of the grea,test
interest.
At the present clay these tiny and almost microscopic insects live among the petals
of flowers, and one species is supposed by some entomologists to be injurious to the
wheat; others believe that they congregate in the wheat as well as in the flowers, in
the hope of finding food in the still smaller and more helpless insects which are found
there. It is astonishing that an insect so delicate and insignificant in size can be so
perfectly preserved in these stones ; in the best specimens the body is crushed and displaced, yet the wings remain uninjured, and eYery hair of their broad but microscopic
ti'inge can be counted.

Professor Denton also discovered in this region a deposit qf petro·
leum coal, which appears identical with and would yield as mnch oil as
the Albertite coal of :New Brunswick. Another bed, resembling cannelite,
was noticed, ten to twenty feet in thickness, which Professor Denton
believes would produce fifty or sixty gallons of oil to the ton. If so, a
single bed here would yield twenty million barrels of oil, or a thousand
times as much as America has produced since petroleum was discovered
in Pennsylvania. It is clear that these shales, with the fossil insects,
leaves, and petroleum, are only a southern extension of the beds which
we have so fine an opportunity to study around the Green River Station.
Dr. Palmer has brought fresh water shells, as Goniobasis Carteri, and
others from White River, which tends to strengthen this conclusion.
From Bryan we pass over a peculiar region, differing again in its
surface features from any previously seen on our route. Far distant to
the southward the singular, dome-like appearance ofwhatwe have usually
styled the "bad lands" is visible, their brown and indurated sands and
clays having weathered into remarkable forms. One of these singul::u·
hills forms a noted landmark along the old stage road, which has received
the name of "Church Buttes," from its supposed resemblance to a church.
To this formation I have given the name of the "Bridger Group," and
I ·am convinced that this region was occupied by a vast fresh-water
lake about the same time that the one on White River existed. From
the indications cleri ,·ed from the fossil remains already discovered, this
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group of beds is destined to yield a fauna second only to that of the
"b~d lands" of Dakota. So far ~ yet known, all the remains appear
to be of middle tertiary age. Among these fossils those of turtles are
especially "Qnmerous. A multitude of fragments, together with several
forms, nearly entire, have been collected and sent to Professor Leidy,
of Philadelphia, for examination. The specimens have been referred to
three extinct species; the greater number pertain to a fresh-water turtle which has been named Trionyx guttatus. The genus to wl1ich it
belongs is found at the present time livit1g in the rivers of America,
Asia, and Africa. It is represented in our country by the Trionyx jerox,
or great soft ·shelled turtle of the l'riississippi anti its tributaries. The
animal is noted for its voracity and fee<1s on fishes, snakes, and young
alligators. Its ancestor of the Bridger tertiary period no doubt was
equally predaceous in its habits.
,tnother turtle, of which a nearly complete specimen was discovered,
was more like our ruarsh terrapins in character. It, howe,-er, belongs
to an extinct genus and species, to which Professor Leidy haR given the
name of Baptemys Wyomingensis, from the habit which it 110 doubt poRsessed, in common with most of its tribe, of at least taking an occasional
plunge in some convenient bathing place. Some of the nearest living
relatives to this turtle are now found in Central America, the so-called
Dernzatemys and Sta~l'rotypus of Vera Cruz and To basco. The third species of turtle indicated by fragments Professor Leidy has referred. to a
terrapin whieh he has named Emys Stevensonensis, in honor of James
Stevenson, the companion and able assistant of the author during his,
geological explorations of the interior of our continent.
From other fossil remains from the Bridger Group of rocks, Professor
Leidy revorts the former existence of an animal presenting an affinity
to the hyena and panther. It was larger than our species of the latter,
and was eddently a predaceouR animal of great stre'ngth and ferocity.
It has been named Patriojelis ulta, which signifies the ancestral cat that
hath revenged itself. The remains of a small animal disco\cred by Mr.
J. A. Carter, of Fort Bridger, and sent to Professor Leidy, were referred
by him to an insect-eater related to the European hedgehog, to which
he l1a~ given the name of Onwmys Cm·teri, in honor of its di scove1·er.
It will thus be seen that all the animals indicated by the fossils from
the Bridger bed, comprising three different turtles, a carnivorous and
an insectivorous mammal, are of species and genera previously unknown
to science. The~y, therefore, indicate an especial fauna, accompanied by
a peculiar flora, of which thus far we have seen but a trace. Further
researches will most probably give to us an interesting history of the
lost race of animals, of the former existence of which we now have an
intjmation. Figure 13 presents a most excellent view of the ''bad
lands" as seen on White River, Dakota. This illustration may be
regarded as a typical one of the style of surface erosion of the White,
River and Bridger Groups. The original sketch was taken on the spot
by J\fr. F. B. Meek in 1853, and is published by permission of Professor
James Hall, of Albany, New York.
There are also beds of limestone~ composed entirely of a small species.
of Cypris which gives to the rock a beautiful oolitic structure. Of freshwater mussels, Unios, Goniobases, Viviparas, Planorbis, several species
are found at different localities. Sometimes the Goniobases and Unios are·
found on a slab of limestone in great numbers, filled with chalcedony.
All the evidence that we can secure, points to the conclusion that all the
sediments of the Bridger Group were deposited in the bottom of a purely
fresh-water lake. with no access to salt or even brackish water from any
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point. In regard to the extent of this great and most interesting lake
basin very little is known. All the explorations ha-ve been, hitherto, of
a hurried and superficial character. We believe that the Uinta MounFig.12.

tains form the southern shore, and that it extends down to the valley
.of Green River, at least to the entrance of White River, and probably
further. Professor Denton's graphic description satisfies us that the
formations are identical with tlwse around Uhurch Buttes:
Looking from the summit of a, high ridge on the east, a tract of country containi ug
.'fi:ve or six hundred square miles is distinctly visible. Over the ''hole surface is rock,
baxe rock cut into ravines, canons, gorges, and valleys, in magnificent relief-terrace
,upon terrace, pyramid beyond pyramid, ri8ing to mountain heights; amphitheaters
that would hold a million spectators; walls, pillars, t,owers, castles everywhere. It
:looks like some ruined city of the gods, blasted, bare, desolate, but grand, "beyond a
mortal's telling." Originally an elevated country, composed of a number of soft beds
of sandstone of varying thickness and softness, unuerlaid by immense beds of shale,
it .has been worn down and cut out by rills, creeks, and streams, leaving this strange,
·w eird ,c@untry to be the wonder of all generations.

Bnt we must not leave this singularls interesting region without a
word in regard to the ''moss agate~" which cover the country from
Green River to 11-,ort Bridger in the greatest profusion. The ground in
many places seems to be litera1ly paved with nicely-rounded pebules
and small boulders, mostly of agate flint, the largest not more than four
or five inches in diameter; there is a belt of about ten miles in width,
from east to west, including Olmrch Buttes, and extending an unknown
distance, from north to south, over which these gems are found in the
greatest .abundance and variety. I am inclined to think they originate
in this modern tertiary formation. About six miles west of Carter's
Station a cut in the railroad reveals a bed of tough, dark-gray, plastic
clays, and at the top a layer of flinty concretions filled with small seams
of chalcedony. In the "bad lands" of White River are abundant
seams of fine chalcedony, which only need the oxide of iron or manganese to make the choicest of moss agates. I am inclined to "believe that
these agates originate in irregular seams in the tertiary beds somewhere
south of .Church Buttes. The origin of all the drift material which
strikes the eye ,ev-erywhere I regard as local, and that it was probably
transported t'rom the direction of the Uinta 1\'Iountains.
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Some of these gems are very beautiful, and the sprangles or <lentritic
delinPations are wonderfully like the stems of moss, and it is quite <lif.
ficult for most travelers to believe that they are not aetually pli!nts imprisoned in the flinty mass. l\Iost of the agates arc of little value, but
occasionally one is found of great beauty tllat will sell for $50 or $73.
They are also found in the :M iddle and South Parks to some extent;
those in the l\iiddle Park being regarded as by far the best. Beautiful
specimens of opal, semi-opal, or opaline, occur, and 'vhen found are
especially attractive. A variety of opal of a milky-white color, and very
transparent, was found in a lode of gold-bearing quartz, near Idaho,
Colorado, and was much sought after for a time.

CIIAPTER XII.
BEAR RIVER TO GREAT SALT LAKE VALLEY.

For more than two lnmdrc<l miles we have passed over what appears
to be one of the most desolnte regions of the \Vest. Eveu the most enthusiastic of our companions in travel will not hesitate to prononuce it a
desert. Yet a careful analysis of the soil will show thatitpossesE<es tile elc>ments of fertility. If streams of water could be made to circulat~ through
these broad, treeless, and almost plantless plains, and the same amount
of bnman industry employed as has been so remarkably exhil>ited by
the l\lormons in Salt Lake Valley, there is no doubt they would become
productive. vVhether in the great future this state of things can be
brougllt about by artesian wells and cheap labor is a question for the
people of that future to determine. It is my duty simply to present the
facts as I read them. As we proceed westward from Fort Bridger, we
note at once the fayorable change that takes place in the aspect of the
country and of the vegetation. Broad plains and sloping bills, crowded
thicldy with grass, with an almost entire absence of the wild sage, arG
now the rule. Patches of the quaking asp appear here and there, autl
along the streams are fringes of the cottonwood.
Soon after leaving Carter Station, toward the west, the pinkish beds
come in suddenly. They seem to rise from beneath the Bridger Group.
Their <lip is about northeast 3° to 5°, and they have evidently been disturbed slightly by the later movements which elenttecl the Uinta range.
This series of strata, to which I have given the provisional name of the
\Vasatch Group, are composed of red, indurated, arenaceous clays, with
beds of grayish and reddish gray sandstones alternating. Pinkish and
purplish clays arc the domin::m tfeatnres, amlgi,Te the lithological character to the group:-; as far west as Echo Calion, when the conglomerates prevail. The latter group is full of beds of sandsto11e, largely concretionm·y,
but the sandstones or harder layers are seldom of a reddish color. Before reaching Bridger Station the strata on either side of the road are
horizontal, or nearly so. A long flat ridge extends do~rn a little east of
nortll fi'om the Uinta :Mountains, between Black's Fork and the ::\Inddy.
This may be regarded as the geological divide between the \Vaters of
the Great Salt Lake Basin and the drainage of Green Hi YCr. The
.l\ln<ldy is one of the branches of Black's Fork, which flo~rs into Green
RhTer, and west of this stream we have what is calle<l the eastern rim
of the Great Basin of Salt Lake. If we were to travel southward to
the foot of tliC Uinta l\1ountains from the railroad along this divide, we
should be able to detect no well-marked line of separation bet\Ycen the
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Green River Group and the vVasatch Group. Bridger's Butte, as well
as the entire eastern portion of this divide fronting the valley of Black's
Fork, exhibit a large thickness of the somber, indurated sands, clays,
and sandstones of the Bridger Group, passing down into light, buff,
chalky layP-rs, with Planorbis, Unio, Heli.x, Goniobasis, &c. vVithin
a distance of ten miles to the west of this butte the little streams cut
through the pinkish beds of the vVasatch Group, then pass up into
whiter, indurated, marly clays, with numerous concretionary layers, differing from tile chalky beds of the Bridger and Green River Basin. I
am inclined to the opinion that this divide forms the junction of the
shores of two great fresh-water-lake basins which existeu during the
upper miocene period; that here the sediments of the western shore
of one were so mingled with those of the eastern shore of the other
that they cannot now be separated.
The two great basins may have been connected with each other at
different points at some stages of tlJeir growth, but there is an abrupt,
persistent, very marked difference iu the character of the sediments of
the two basins. That the two great basins must have been synchronous
is inferred from the fact that the strata of both have been but slightly
disturbed by the elevation of the mountain ranges in the vicinity. The·
want of conformity of the \Vasatch Group with the cretaceous and eocene
beds will be shown hereafter to be well marked in a number of localities. Both the Bridger and Green Rin:'"r Groups have yielded many organic remains, but the Wasatch Group, although it occnpiesaverylarge
area, and has been excavated to a grea,t extent along the line of the
railroad, has never, to my knowledge, afforded any distinct paleontological evidence of its age. Near Piedmont Station, in some arenaceous
clays which had been taken ont of a cut, I found a few fragments of
turtle shells, which do not diil'er from those so common in the Green
Rtver district. It seems that, tluouglJout the \Vest, rocks which are
characterized by this brick-red coloring matter are destitute of organic
remains. The red beds, or supposed triassic, which are so conspicuous
all along the flanks of the mountain ranges, arc also singularly destitute
of fossils. It seems that wherever this ochreous color prevails in the
sediments, the physical conditions were not favorable for the existence
of animal life, for if life existed, l can see nothing in the composition of the
rocks why the remains should not llaYe been preserved. At Bridger
Station, and from Bridger to Aspen, '-vhich h; about twenty-four miles west
from Bridger Station, the ochreous bells of the Wasatch Group are well
exposed on both sides of the rmul, and wHl attract the attention of the
traveler. A few stunted Ce(lars grow upon the hills and in the valleys
and plains. The alkali is as abundant as ever. There are also localities
where heavy deposits of drift occur, especially in the valleys of the
strC'a.ms. This is shown along the road wherever extensive excavations
have been made, and these deposits will be simply mention cU. fi'om point
to point, to be referred to hereafter in another connection.
'rhe valley through which the road passes from Piedmont to Aspen
is carved out of the beds of the vVasatch Group, and varies somewhat,
but seldom over a mile in width. The little stream that flows through
the valley is not more than ten or fifteen feet wide. From Aspen to
Evanston the change in the general appearance of the surface of the
country will be noticed at once. The hills are more rounded and more
thickly grassed over, presenting an older appearance. At Aspen the
cretaceous rn9.kes its appearance. The high hills on either side are
composed of cretaceous strata which seem to have been higher points
before the deposition of the sediments of the Wasatch Group, and also
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to have been elevated to some exte11t s:nce that time. For Rome
uis~anee west of Aspen the red b{'ds fill up the irregularities of the
cretaceous surface, but do not conform. About half a mile west of
Aspen Station the road cuts through a large exposure of the lower cretaceous shaly clays of No.2, revealing abundant fish scales and fragments
of Inoceramus. These cretaceous beds are well shown for about four or
five miles, when the coal beds make their appearance n{',ar Bear River.
Near Sulphur Creek there is a ridge of sandstone which the road passes
through nearly at right angles. This ridge, which I have called Oyster
Hiclge, trends a bout northeast and southwest, and the dip is west
northwest 200 to 250. It is composed mostly of gray and yellovv·
gray sandstone, capped with a calcareous sandstone, filled with a small
species of Ostrea, and belongs, I think, to the upper portion of the
cretaceous group-probably No. 5. On the north side of the road there
is a high range of hills which are made up of the black clays of No.4. At
Bear Hiver City, which is not more than four miles to the west, the
strata are nearly vertical and trend nearly northeast and south west,
with a dip northwest. There is here a series of strata, which are still
invested with a good deal of obscurity. On the north of Sulphur UrPek,
for three miles before it unites with Bear River, the black clays of No.
4 are extensively exposed, and above them a series of sandstones with
partings of clay, gradually passing up into the strata which contain
coal. That a portion of these sandstones belongs to the upper cretaceous
gToup I cannot doubt, but where the line of separation should be
drawn between the cretaceous rocks and those of tertiary age I am
unable to decide. In the bed of sandstone which rests upon the wellmarked cretaceous clays are found a species Ostrea and a few other
marine species of shells, none of which are really peculiar to the cretaceous, but from their entirely marine cllaracter we regard them as such.
We then have from three hundred to :five hundred feet of sandstones and
clays, with thin beds made up of marine shells, and among tllem a
species which sometimes reaches a length of twelve inches, which 1\fr.
l\leek has described under the name of 0. soleniscus. In this group are
a few thin seams of impure coal. The dip of these beds is northwest
about 500. Then comes a large thickness of arenaceous clays with thin
layers of sandstone, with three or four seams of impure coal and large
quantities of brown iron ore or limonite. The seams of coal are from
one to three feet thick, with the usual clays above and below. Then
comes the bed of eoal which is well known in this region, seven feet
thick, nearly vertical or with a dip of 82° northwest: The inclination
of the entire series of rocks from the Uinta range is quite plain.
This coal bed has been ·w rought for several years, and is so convenient
to the railroad that it ought to be of considerable value. The coal appears to be of good quality. Above and below it are tbick beds of clay.
In the clay above the coal there is a seam of oyster shells, a species distinct from any that occurs below it, about 4 inches thick. Above the
clay there is a thick bed, two hundred feet, of gray sandstone, with irregular layers of deposition inclining at a very high angle-7oo to ~oo.
Then a valley intervenes to the westward, in which Bear River City is
located, one-fourth to half a mile in width, which must have once been
occupied with a considerable thickness of ~ft material, which is now
quite concealed by grass and other vegetation. Still further west we
l1ave a wonderful series of fresh·water beds, which have been tilted and
flexed iu a most remarkable manner. These are shown in a railroad
cut a little west of the city, about two hundred or three hundred feet
long, where nearly two hundred layers are exposed, of almost e\'ery
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~'ariety of texture, from sandstone, clay, and fine sands, to earthy lignite,
and many of these san us are so crowded with fossil shell::; that they may
be gathered by the bushel. The sides of the cut are ~o peculiarly banded
that they look like the stripes of a zebra.. At the east end these layers
are nearly vertical, but at the west end they seem to have been lapped
or bent down so as to form an abrupt cone, as ifthere had been tremendous pressure from above. A little further to the westward we see a
ridge of the red beds and conglomerates, inclining gently to the west,
and resting unconformably upon the upturned edges of the rocks
in the cut. But along no other portion of our route have I ever seen so
rich a locality for fossil shells, of a few species. In the cut and on the
hills on either side of Bear Hiver the ground is literally paYed with
them, and the collector may gather them as he would the shells on the
seaslwre. They are mostly land and fresh-water sp~cies, many of them
as yet undescribed. l\fr. F. B. l\Ieek has made out a partial list, and he
finds several species of fresh-water shells, as Unio priscus, U. belliplica.tus,
Goniobasis chr.1JsaJis, Melania hurnerosa, &c., and some interesting estuary
forms which indicate brackish water, or partial access to the ocean in
those times. The conclusion, howeyer, is that all these rocks are of
tertiary age.
The following sections of these curiously variegated strata were made
at my request, by l\Ir. H. H. Durkee, a civil engineer of great skill in his
profession, and an excellent geologist. They were wrought out with much
care. The diagram will also assist in rendering more clear the position
of the strata. The second cut has been exposed by the excavations for
gravel made by the workmen on the railroad; so that both of them
may be considered as aitificial exposures.
COMMEXCING AT THE EASTERN EXTREmTY OF THE CUT.

No.

Description.

I ThickI

1
2
3
4

5
6
7
8
9
10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
2()

27
28

29

nes:s.

Ft. In.
Clay, grayish.black, contains fragments of sandstone .. ___ ........... 10 0
Limestone. blue .....................
2 0
Cla.y, grayish-black. _____ ............
0 6
Ulay, brown, hard, and in large frag1 0
1nents --------------------- .. ---- ..
Ulay, l>lack, hard, and in small frag1 0
ments ----------------------------.
1 6
Limestone, blue, fossiliferous ........
Clay, grayiRh-black : ______ ..........
1 2
0 2
Sandstone, fragmentary ........ -....
1 0
Clay shale,, ~·ay . _......... - .. --- - - ..
1 0
Clay, ~ray1s -l>lack, very compact ...
Clay s 1ale, black __________ .... ---- __
0 10
Marl, shells in fragments _____ . ______
0 8
0 6
Cln,y shale, black .... -- .. -- .. ------ ..
Lhi1estone, much shattered, ancl in
angular pieces _______ -- ____ -- __ ---2 0
Cln,y shale, bln,ck . ______ . __ .. -- .... -0 10
Limestone, angular fragments ___ ....
0 6
Clay shale, brown . _____ ... __ .. ______
Limestone, slightly fossiliferous. ___ .
1 6
Gypseo~u> earth, contains crystals of
selemte . __________ . __ ......... _.. _ 0 3
1 0
White marl, shells fragmentary .....
0 ()
Limestone, ver.v fossiliferous.---- ....
Clay Rbale, black ______ ...... -- ......
1 4
Limestone, very fossilifei·ous ........
0 2
Cln,y shale, brown ______ ... __ .. ____ ..
2 ll
Sn,nustone, fragmentary _____ .... _. _.
4 0
2 0
Clay shale, gray-black . -:----.--- ....
Gypseous earth, layer of crystals of
selenite on east side ___ _____ .. _____
0
Clay shale, contains streak of coal
and gypseous earth. _______ .. -- ....
2 6
Gypseous rarth. contains streaks of
0 8
l.Jrown bituminous shale.- .. -..... -

No.

83
84
85
86
87
88
8!l
90
91
92
93
94
95
96
97

98
9\.l
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
ll7
118
119

SECTION 1.

Description.

Limestone, fossiliferous, fossils small.
Gypseous earth, white ............. .
Clay, stony, bluish-gray_ ........... .
Clay <:hale, black .. __ . __ .. ______ . ___ .
Limestone, fossiliferous __ .......... .
Clay shale, black .. ----·--- .. -------Limestone . __ . __ ... - .. ---------.-.-Marly clay, black . ________________ ..

~~~·s~~£~~
g~·ii:::::::::::::::::::::
Clay shale, ~lack .. ________________ __

Thickness.
Ft. In.
1 8
0 2
2 6
0 10
0 8
0 3
0 4
0 2
0 2~

0 4
0 4
Clay shale, gray. ___________________ . t· 0 6
Clay shale, black .. ________________ __
0 2
Gypseous earth, yellow. __________ . __
0 2
Clay shale, black _____ . ____________ ..
0 4
Gypseous earth, yellow ...... _______ .
0 3~
Limestone ____ .. _______________ .. ...
1 6
Clay shale, blue __ ... ___ .. ________ . __ .
1 0
Limestone._._. ___ . ________ . ___ . ____ .
0 8
Clay shale, blue ______ . ____ . __ . ____ __
0 8
Limestone .. ______ .. __ .. ______ ..... ..
1 8
Marl, gra.y ___________ .. ____ .. __ .... .
0 6
Shale, black ______________ .. ________ .
0 2
Sandstone . _.. __________ . __ . _. ______ _ 0 3!
0 3
Marl-------------------------------0 4
Shale, black .. ____ ....... ------ ......
Marl ______________ -----------------2 0
Shale, bituminous ... ____ ... ________ _ 0 1
0 2
Marl·------------------------------Limestone _.. ___ . ____ .. __ --- --- .. --.
0 8
0 5
Marl.------------------------------Limestone ____________________ ... __ ..
0 6
Marl . ____ . ___ .. __ .. ______ .. ___ .. ___ _ 1 0
Shale, black _____ .. ________ .. ________ _ 1 0
Uoal and shale_. ____ .. ___ . ____ .. ____ .
0 2
Limestone ______ .... ____ ... _______ __ .o 11
Marl _. ___________ .. __ . __ .. _______ ...
0 6
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No.

Description.

30
31
32
33
34
35
36
37
38
3!)
40
41

Clay shale, brown, very h:n·<1 ..•.....
Cla.\· shale, black, bitumiuou11 .......

42
-13
-14
-15
46
17
48
49
50
51
52
53
54
55
56
57
58
59
60
61
G2
63
64
65
66
61
68
69
70
11
72
73
74
75
16
77
78
79
80
81
82

~~-~!'~~:~--

-_-_-_-_-_ ·_ ·_·_·_-_-_·_::::::::::::::

Clay, full of fossils ..................
Clay shale, gray . . . . . . . .............
Clay shale, blue ....................

~f~\r.;:l~~\~a:i ·_-_-_-_-_-_-_-_-_-_.: ~:::::::

C~ay shale, grar. -~ituminous ........
Limestone, fo~siliforous . ............
Clay shale and marl, fossiliferous,
less fossils on west side ............
Bituminous shale, contains streaks
of black coal ......................

8~Js~~~~e~~~~he.:::: : ::: ::: ::::::: : : :
Clay shale, blue .....................
11-farl ...................... ___ . _.....
Clay shale, blue .....................
Mad, yellowish-white ...............
Sandstone, fossiliferous .............
Clay shale, blue .....................
Smidstoue, fragmentary .............
Clay shale, blue and yellow ..........
Limestone, very fossiliferous ........
Clay, full of fossils ..................
Bands, black, bituminous shale anu
marl ..............................
11-farl ................................
Slaty shale, black .......... .........
Limestone, very fossiliferous ........
Slaty shale, gray ... .................
Shale, full of fossils .................
Clay shale, black ....................
Clay slmle, bello wish-brown ........ .
Clay shale, lne .....................
Coal and yellow shale in streaks .....
Limestone, very fossiliferous ........
J'lfarl ................................
Limestone, slightly fos;.;iliferous, fossils fragmentary ..................
Nodular clay an<l shells, streaks of
bituminous shale on the west side.
Marl, yellow, haru . ....... ... ........
Marl, black, soft ... ..... ............
Clay shale, black, bitnminous . .......
Gypseous earth, yellow and white ...
Marl, haru . .........................
Marl, soft . .....................
Clay shale, p-ay .................... .
Clay and shale in bands .............
l\1arl ................................
Gypseou& earth, yellow· ..............
Marl ................................
Clay shale, black and blue, in bands.
Clay, stony, gray ....................
.Gypseou:3 earth, yellow ..............

Thickness.

I

No.

Description.

151
'l'hickness.

Ft. In.

Ft.. In.

1 6

0 10
1 6

120 Limestone ...........................
5 I 121 Marl ............. . ..... . _....... __ ..
2 I 122 Clay shale, variegated., (purple, ycllU I
low, &c.) ....... .... ...............
3 123 Limestone, slightly fossiliferous .....
0 124 Gypseous earth ......................
3 125 Limestone, slightly fossiliferous .....
2 126 Marl, bluish-black, haru .............
0 127 Coal. .......... _............ __ .......
8 128 Gypseons earth ···-----------------(j
129 Coal. ................................
130 Limestone ...........................
1 6 131 .Marl and coal .......................
132 J,inwstonc . ..........................
0 4 133 Hhalc, bitnminous, lJlack ·----------0 (j 134 :Marl, hard ..........................
0 1} l:l5 Shale, black ..................... _...
0 1 136 :Marl ................................
0 4 137 Shale ................................
1 0 138 Limestone, Ycry fol'siliferous ........
0 3 139 Cla1 shale, bln\', full of fossilH .......
0 9 140 Sha r, bituminous, yellow anu black.
1 2 141 Limestone ...........................
0 8 142 Shale, slaty, black ...................
0 6 143 Shale, lu-own, full of fossils ..........
0 6 144 Shale, blue ..........................
0 2 145 Marl ................................
14!i G ,rpscons earth .....................
2 6 147 Limestone, compact, streaks of marl
0 5
nnd coal, whillh run out ... .........
0 (j 148 Shale. slaty ..........................
0 3 149 Bituminous shale and brown coaL ...
0 10 150 Lim estone ...........................
1 0 151 Clay shale, contains scales of white
0 8
:::::::::::::
0 6 152
0 6 153 Shale, fossiliferous ........ ... .......
0 10 154 Clay, hard, fossiliferous .............
1 0 155 Clay shale, black ...... ..............
1 0 15G Clay, hard, fossiliferous .............
157
1 6 158
:::::::::
159 Gvpseous earth, white ..............
0 10 160 Ciay, bard . .................. . .......
0 4 161 Marl ................................
0 5 162 Coal, brown .........................
1 6 163
0 2~ 164 ~~~e~~~~.'.'.'.·.·.·-~·-·_·_·_·_: :::::::::::::
0 4 165 Gypseous earth and sbalo ............
0 8 166 Limestone ...........................
1 0 167 Sandstone, yellow ...................
1 0
168 Limestone ......................... . .
2 0 169 Gypseous earth and sb ale ............
0 1 170 L1mestone ...........................
2 6 171 Clay shale ...........................
4 0 172 Bituminous shale ....................
2 0 173 Limestone ..................... ... ....
0 3
0
0
0
0
1
0
0
1
0
0

M~i-1~te~;~l-~~~~~:::::::

~~~t: lli~¥k:: ~ ~::::::::: ~:: :

0 !)
0 3
0 (j
0 4
0 2
0 i
0 3
0 -!
1 0
0 2
0 1
0 10
0 4
0 1
2 0
0 1
0 4
1 0
0 3
2 6
0 (j
0 3
0 7
0 3'!
0 1
3
1
0
1

6
2
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From No. 173 to western end of cut, (which is made up of the reversed strata, but not in regular
oruer, some seem to be pinched out.)
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ORDER OF STRATA EXPOSED IN RAILROAD CUT, SECTION 2, (FROM EAST TO WEST.)

No.

Description.

Tnheiscsk.·-1 No.I

Description.

Thickness.

---i-------------------------1----1
2

3
4
5
6

7
8
9
10
11

12
13
14

15
16
17

Drift, steel-colored ................. .
Sandstone, white . _. __ .... _.... _.... .
Sandstone, yellow, containing fragments, No.2 ...................... .
Shale. arenaceous, browu .. _........ .
Sandstone, coarse, yellow, in layers ._
Sandstone, fine, yellow, in thinlayers .
Sandstone, coarse, containing irregular strectks of brown sha-le, which
contains coal in fragments .... ... .. .
Sandstone, fine, white._ ............ .
Sandstone, brown, contains brown
marks resembl'g bark and branches .
Sandstone,
steel-gray,
contains
streaks of No.9 .................. _
Shale, black, and sandstone, steelgray··----·------ ................ .
Sandstone, fine, white .. _......... _._
Sandstone, in thin layers of variegated colors ... ................... _
Sandstone, in broad layers of variegated colors ......... _.. _......... .
Sandstone, steel-gra:y ............... .
Sandstone, in thin iayers of variegated colors .... _. _.. . _.. _.. _. . .. _.
Sandstone, steel-gray, in layers, (contains streaks of coarser yellow in
layers) . _.......... _.. __ . _... _... _.

Ft. In.
15 0
12 0
1
9
1
1
2 5
18 0

I

---

181
19
20
21
22
23
24
25
2G
27
28

2

5

40 0
1
4
6 0
21 0
12 0
5 0

-;;~~

Shale, brown ... _... _.. _...... _. __ .
2 0
Sandstone, yellow ........... _. _..
fi 0
Shale, brown .. ___ ..... . . . . . . . . . . . . . .
1 0
Sandstone, steel-gray._ ..... _........ 40 0
Sandstone, white .. _.................
6 0
Sandstone, gray ... _....... _. . . . . . . . .
4 0
Shale, earthy, black . . . . . . . . . . . . . . . .
1 0
Gypseons earth, yellow ........ _.. __ .
0 5
Shale, black .. ___ ...... _. _... __ . _____ 0 5
Sandstone, contains shells in fragments _. _.. _. _____ .. __ ... _..... _... 15 0
Shale, brown .. _.. _. __ ....... __ ... _. .
1 0

5~ ~~~s~~~~~~y~ii~~ :::: :: :::::: :::: : : : 3~ g

:n

32
33
34
35
3o
37
38
39

Shales and clays, earthy. ___ .... __ . . .
Shale, brown ........ _........ _... _. .
Sandstone and gspseons earth.......
Shale, bituminous ..... _. _. _. _. _. __ . .
Gypseons earth .. _. _... _... _..... _..
Sandstone, yellow .. _............... .
~an<lstone,white....................

Marl, containing shells ........ _.....
Gypseous earth ___ .... __ ... __ . . . . . . .
To end of cut, shale, clay, and arcnaceous gypseous earth ........ _.. _..

25 0
6 0
20 0
1 0
3 0
10 0
8 0
G 0
2 0
GO

0

Length of cut, 440 feet.
35 0

There is here another interesting feature, the oil springs of Bear
River, which have made this country famous for many years. l\fore
than twenty thousand acres of oil lands, in claims of one hundred and
sixty acres each, have already been surveyed and located by different
parties. Companies have been formed and shafts sunk, preparatory
to an extensive business. The external appearances are certainly
very favorable. A. considerable quantity of the crude oil flows from
these springs constantly, and accumulates in small depressions or in the
channels of the stream. When the oil first issues from the ground it has
a bright-green color, but it soon changes on exposure to a dark brown,
and has a slightly aromatic taste and smell. Similar springs occur in
the valleys of vVind River, of the Sweetwater, and also of the Arkansas
River, near Canon City, Colorado. A.t the latter locality about four
thousand gallons of refined oil have been made per year for the past
three years. It is readily purchased by the inhabitants of the country,
who regard it in all respects as equal to our eastern oils for domestic
uses. I will not here attempt to explain the origin of these western oils,
but I suppose that they are derived from a similar source with those of
the East. Geologists differ as to whether the oil is derived from vegetable or animal remains, but it is certain that it is not confined to any
particular formation or geological period. In the valley of the Arkansas
the springs are located in rocks of cretaceous age, while in Bear River
Valley the oil flows up through tertiary strata, though in some instances
it evidently rises from beds as old at least as the cretaceous.
About twenty miles west of Fort Bridger, on the Overland Stage road,
there is a fine soda spring, ;yielding the most delicious water; it does not
differ materially from that of the soda springs in the valley of the
Fontaine qui Bouille, at the eastern base of Pike's Peale
Bear River Valley has been noted for many years for its numerous
mineral springs. Indeed, all Utah Territory is celebrated for them, but
in times past the numerous springs in this yalley have attracted most
attention.
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.About ten miles below the station, on the right side of Bear
River, is :Medicine Bow Butte,
which looms up conspicuously
above the sunounding country,
eigllt hundred to one thousand
feet abo\'e tl1e bed oft he stream.
It i~ undoubtedly composed, for
the most part, of strata belonging to the coal series, which I am
disposed to regm·d as of terti<ny
age. It is well grassed over,
and is covered here and there
with dense groves of quaking
asp, &c.
Passing along the stage road
westward from Bear Creek Sta- fstion, over l>eds nearly horizon- g:
tal, or inclining at a small angle, ~
we suddenly come to an up- ~
thrust of rocks, called "The §
Needles," wbieh the traveler~
coming from the East for the f
first time "ill regard with aston- ~
ishment. Deep underneath an ~·
extensive coYering of more re- ~
cent deposits there seems to be~
au immense l>ed of coarse con- 'd
glomerates, and at this locality, ~·
by upheaval, tllese conglomer- ~
ates ha\'e been tluustup through s.
the softer overlying beds in a g>
nearly vertical position several ~
hundred feet above the road, 8
anll have been weathered by ~
atmospherie influences iuto a
nmnber of sharp conical peaks,
which. haxe given to this landmark the name of "The Needles." It is made up of all ldnds
of worn boulders and pebbles,
like those we Hee forming tlw
bed of any of our mountain
streams, Yarying in size from
that of a pea to a foot in cliamoter. Tllese rocks arc held together somewhat loosely by a
kind of siliceous grit. Some of
tile \YOl'll masses are themselves
an aggregate of worn pebbles,
proving that a portion of the
materials were derived from still
older conglomerates. Sometimes there is a thin local seam ot coarse
sand containing only a few pebbles, but the greater part of the entire
mass, five llundred to one thousand feet thick, is a coarse conglomerate.
It is situated near the Yellow Creek Station, and the ridge of upheaval
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extends down from the Uinta range. As we go westward, examples of
these massive conglomerates will not surprise us, and in Echo Ca:ilou
we shall find th<'m three thousand to five thommnd feet iu thickness.
They are probably all of modern tertinr.v age.
From the hills about a mile west of Yell ow Creek Station we bave
some of the finest and most extensive Yiews of the country. \Vith a
good field-glass we can see objects with consid erable di8tinctness on a
clear day for a distance of fifty to a hnndred miles in every direction,
O\er a most rugged surf::1ce with high ridges and deep gorges, the strata
showing red, yellow, gray, and indeed m~ ery variety of color. Far to
the south we can see the Uinta lVIouutains, tlleir summits covered with
snow the greater portion of the year, forming· a most beautiful and symmetrical background to our view. To the southwest, dim]~r seen, is
the Wasatch range, which separates us from one of the o~jects of our
visit to this country-the Great Salt Lake. North of the road the
Goose Creek Mountains are faintly visible, but still loom up with sufficient
magnitude to invite our attention.
At Evanston we leave Bear River Valley and proceed on our way
westward, while the river flows far northward into Idaho to Port Neuf
Gap, near latitude 42~o N., then it suddenly and almost abruptly flexes
about and flows south\Yard until it empties into Bear River Bay, a portion of Great Salt Lake.
\Ve may stop at Evanston and study the interesting coal mines with
profit. With one exception this is the last point along the line of the
road before reaching the Pacific coast, where we shall have an opportunity to examine coal mines possessed of any economic value. The coal
is located about three miles from this place on the east bluff of Bear
Hh~er Valley, anu is exposed over but a small area. It seems to ha-ve
been revealed by the inclination of the coal strata to the east, and the
entrances have been made at the base of the bluff's but a few feet above
the bed of the valley. A branch railroad has been constructed to these
mines, and there is now no limit to the amount of fuel they can furnish.
The mines have been opened with more system and at greater expense, and I regard them as more valuable and the coal of a better quality than any I have ever seen west of the 1\fississippi. Five entrances
h~we been made, each one showing a vertical front to the coal bed, varying from twenty to twenty-six feet. The dip is about northeast, and
Yaries ti·om 120 to l!.>O. For a distance of about a mile along this abrupt rocky bluff the coal seems to be exhibited on the grand scale above
described, but proceeding either way from that point it disappears or becomes almost inaccessible. About one hundred feet above the coal bed
there is a layer of calcareous sandstone filled with leaves, apparently
belonging to extinct species of the genera JYlag1wlia, Tilia, Salix, Ulrnus,
auu Platanus, though very much resembling in form those of our existing forest trees. These leaves indicate that the rocks are of a tertiary
age.
The summits of the hills are capped with a thick bed of conglomerate. probably of the same age with that which forms '' 'fhe Needles" near Yellow Creek, and also that shown so grandly in Echo and
vVeber Valleys. At this point there is a broad expansion of Bear
River Valley, which makes it a most attractive site for a city. There
are here thousands of acres of fertile land that could be easily irrigated,
and even now they form a vast meadow, covered during the summer and
autumn with a lnxurjant crop of grass.
From Evanston we might branch off in any direction and visit places
of great interest of which but little is known as yet. Not far north-
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ward we might take a glance at Bear Lake Valley, which is destined
to be a point of great interest, not only to tourists from the grandeur
of the scenery and the beauty of the lake from which it takes its name,
bnt also to settlers on account of the fertility of its soil. This lake is
an expansion of a branch of Bear HiYer, and is about fifteen miles long
and four or five in width, and well stocked with trout. About thirty
miles to the north are the far-famed soda springs of Idaho, which will
repay the time spent in visiting them.
Takiug the cars again at Evanston we shall soon find ourselves at the
divide between Bear Ri\er and Echo Calion at an elevation of about
seven tlwusand feet above tide-water. The country we have passed
over presents nothing new or striking; the same reddish· clays and sands
which we have seen before, seem to have been worn down into a fine
rolling surface, which is covered with a good growth of grass, giving
the whole scene a cheerful aspect. Game, as antelope, elk, deer, bear,
&c., was formerly abundant all over this region, and the experienced
wary bunter might discover some eYen at this time; but all along the
line of the railroad game of all kinds is fast disappearing.
The tunnel at the head of Echo Calion is cut through the reddish and
purplish indurated sands and clays of what I have called the \Vasatch
Group, of miocene tertiary age. It is seven hundred and seventy feet in
length, and is the longest tunnel on the Union Pacific road. After passing through it, the trains move slowly over the piers of trestle-work,
which creak and tremble beneath their load. One section is two hundred and thirty feet long and thirty feet high, the other four hundrerl
and fift.Y feet in length and. seventy-five feet high. We then enter· one
of the narrow grassy Yalleys which leads soon into Echo Calion, and
then n"e sweep rapidly down between lofty conglomerate walls on either
side, which have been weathered into the most fantastic forms.
In•leecl, this entire Yalley is, for the most part, one of erosion. The
water in past geologicn,l times has carved out of the massive conglomeratt>s its deep channel, and on either side the rocks rise wall-like five
hnudred to one thousand feet. Some portion of the lower part of the
valley pa~ses through a monociinal rift; that is, the beds incline to the
northwest, so that on our right as we descend we see the projecting
edgeR. All these beds seem to baNe a greater or less dip to the northwest, apparenti~y from the Uinta range.
At the lwad of Bcho Calion the first objects that attract our attention
are the massive reddish sandstones on our right, five hundred to eight
hundred feet high, which have weathered into curiously castellated
forms, and to which the general nante of Castle Roek is given. As we
pass down through some of the wildest scenery in the world, our eye
will be constantly arrested by some unique shape into which these
variegated sandstones and conglomerates have been ·worn by time.
"\Vitches' Hock, Eagle Rock, Hanging Rock, Conglomerate Peaks, Sentinel Rock, l\lonument Rock, all greet us in turn as important landmarks.
The Conglomerate Peaks of Echo present a near view of these conglomerates, so that even the depressions in the smoothly-worn surfaces
of the boulders can be distinctly seen. A little side stream has worn a
deep gorge, and scattered vast piles of debris below. The different
sizes of the pebbles are also well shown; its walls are about five hundred
feet high.
l\fomunent Rock is one of the most remarkable landmarks in this
valley. It is a regular obelisk of conglomerate, standing at the junction
of the Echo with the Weber Valley, nearly one thousand miles west of
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Omaha. It is about two hundred and fifty feet high, and forms another
illustration of the peculiar style of weathering by which rocks assume
the appearance of animals. This column has been very aptly called the
Dog's Head, to which it will be seen at a glance that the summit bears
a resemblance.
The peculiar form of stratification, with the varied texture, sometimes
a fine sandstone, then a fine pudding-stone, is well shown in many
localities, and the same variations of structure on a still larger scale
may be seen throughout the valley of Echo and portions of We uer Caiion.
Tlle inclination of the strata is also well shown. The base is composeC
of rather fine sandstone, but these sandy layers are not permament over
areas, but often within a distance of a few feet run iuto coarse, massive
conglomerate.
Hanging Rock presents to us one of the most striking views in this
region, and is a mass of coarse conglomerate, oYerhanging its base
about fifty feet. It overlooks Echo City and the valley of vVeber, through
which a beautiful stream of pure mountain water winds its way. On
the opposite side of the Weber the partially-rounded, grassy foot-hills
of the Wasatch Mountains may be distinctly seen. The \Veber River
also flows a portion of its way through a monoclinal valley, the abrupt,
nearly perpendicular sides of the conglomerate bluffs rising up like
gigantic walls eight hundred to one thousand feet, while on the left the
gently-sloping sides of the inner series of ridges are well displayed.
The isolated rounded mass, which seems to stand alone, and almost
ready to tumble into the valley below, is quite firmly seated on its bed
of sandstone, and the corresponding portions may be seen forming the
base of the hanging rocks. I call attention to these strata of sandstone
as a matter of geological interest. High above the bed of the Weber,
eight hundred feet or more, rises the conglomerate bluff, with nearly
perpendicular sides, and from its summit one can survey the country
for a long distance in every direction, and enjoy the multitude of most
attractive views offered.
As we descend BJcho Valley, we emerge from the caiion around Pulpi_t
Rock, and shoot our way with wonderful rapidity down the picturesque
valley of the Weber. \Ve shall absenTe that~ as we descend the Echo
Canon, the more rugged picturesque scenery is exhibited on our right
hand, and as we descend the Weber, the same lofty perpendicular walls,
weathered here and there into all sorts of fantastic forms, continue to
the Narrows, where the Weber River makes a bend to the left, and the
conglomerates disappear. This formation, which in some respects is the
most remarkable one which I have ever seen in the West, must have
a thickness of three thousand to five thousand feet. The conglomerate
portion above must be one thousand five hundred to two thousand feet
in thickness. I have included in this group all the variegated beds
which we have observed west of Carter's Station, and we have noticed
especially that some shade of reel has prevailed in the clays and sands,
as well as in the conglomerates of this gronp. Some of the sandstones
in the upper portion of Echo Oaiion are noticeable for their deep yellow
hue. I have called this series of beds the vVasatch Group. llow great
the area occupied by these formations I have never ascertained. I
regard them, however, as forming the materials deposited iu one of the
great lake basins of the middle tertiary period, the history of which, if
we knew it, would be too long and tedious for this volume. But if fine
sands require moving waters for their deposition, what kind of aqueous
forces must have been employed to transport these boulders into this
lake-basin~ From whence were they derived, and what were the powers
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that wrenched them from their parent beds, smoothed them into their
present rounded form, and then aggregated and cemented them together
into such huge masses as we find here~
From the mouth of Echo up the valley the rocks seem to form a sort
of g-entle anticlinal for about ten miles, and then the inclination is
reversed. The general dip, however, is 5° to 15° nearly northwest;
but for six miles below and three miles above Hanging Rock, it is
increased to 25o, and e-ven to 35o.
This formation, which differs somewhat lithologically from any with
which I am acquainted, must have an aggregate thickness of at least
three thousand feet. The conglomerate portion must be at least fifteen
hundred feet in thickness. It includes no beds of coal, and shows a few
fossils, which are all impressions of deciduous trees, but no marine or
fresh-water shells.
Near Coalville, a little town in the valley of Weber River, :five miles
above the month of Echo Creek, coal outcrops several times. At Spriggs'
Opening the dip is ~0° or 30° east, and the coal bed about :fifteen feet
thick, capped with gray sandstone~ much of it charged with pebbles.
I was informed that in other places this pebbly sandstone rests directly
on the coal be<l. A few hundred feet from Spriggs' Opening a shaft to
strike the same bed has been sunk seventy-nine feet deep, through
twelve feet of gravel and sand, into black clay, growing harder downward, and containing numerous specimens of a species of Inoceranms,
Ostrea, and Ammonites, showing that the black clays are certainly of
cretaceous age. If these beds do actually lie aboYc the coal, as the dip
would indicate, tllen this formation of doubtful age, must be cretaceous,
and some of the finest coal beds in the West are in rocks of that age. It
is probable, however, that the coal is really aboYe the black cretaceous
clays of No. 2, and forms a part of the upper cretaceous group.
The Weber River flows directly west, aud the rocks incline in a sort
of half circle between north and south. Several beds of massive sandstone cap the high hills, and between them are layers of clay with a
reddish tinge. I was informed that there were iu this section six or
seven beds of coal, varying in thickness from eighteen inches to fifteen
feet.
Passing down the "\Yeber Valley the dip \Vould carry clown the Coalville coal beds, in a distance of five miles, that is, at Echo City, to a
depth of from twelve hundred to :fifteen hundred feet beneath the snrface. So that the coal area that can ever be ma<le available for economical purposes in this region must be very limited.
An interef6ting feature along the Weber River is its terraces. Near
Echo City there is a rather narrow bottom near the river; then an
abrupt ascent of thirty feet; then a level plain or bottom of two hun<lred to four huudrc<l yards; then a gentle ascent to the rock bluff's.
The summit of the first bluff at Echo is five hundred feet high; it then
slopes back to the plains beyond.
Passing down the vYeber Valley, about a mile below Echo Station
the beds begin to dip 25° northeast. The whole Yalley is filled with
rounded boulders, some of them three to four feet in diameter. The
Weber River throughout the greater part of its course seems to flow
through a monoclinal valley; but just before reaching the entrance of
Lost Cre,ek it seems to pass along a local synclinal ,-alley. A long ridge
of conglomerate extends down from the direction of the Wasatch
l\Iountains, nearly northeast an<l southwest, inclining northeast 5° to
10o. At this point the Weber, instead of continuing in the synclinal valley, cuts through the ridge, isolating a portion about half a
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mile in length and forming a huge chasm or gorge, which is called here
the Narrows. After passing throngh this ridge the vVeber receives
Lost Creek, and makes an abrupt bend to the southward ; and here is
exposed an immense thickness of the older rocks, in a nearly vertical
position. These rocks extend down the Weber Hiver fonr miles or
more, when the beds abruptly change from the nearly vertical position
to a nearly horizontal one.
Commencing near the Narrows, at the mouth of Lost Creek, we haYe
a considerable thickness of the J nrassic limestones an<l marls, dipping
70° or 80° northeast, of a bluish ash color, very hard and brittle, cle~n'
ing into thin layers and fracturing in every direction, so that the sides
of the hills are covered to a -great depth with its debris. Then comes
a series of mud shales, with ripple marks, some layers of very white
sandstone, and a thick bed of hard red sandstone, destined to take the
highest rank among the building stones of Utah. It cau be easily
wrought into fine forms for culverts, fronts for buildings, caps aud sills,
&c. Then comes a vast thicknesR of gray and dark-gray, more or less
cherty limestones, which are probably carboniferous; and below these
again a very hard siliceous rock, oftentimes massive, portions of which
are filled wHh holes at right angles to the }ayers, very similar to much
of the Potsdam east of the 1\rlissi ssippi, pierced by Scolithus Uncaris. In
this quartzose group there is a bed of shaly limestone, six to teu feet
thick. A few indistinct mollusks were observed in the limestones anu
the mud shales.
The distance from the mouth of Lost Creek to the end of the nearly
vertical series of rocks is about three miles. So that we have here a
thickness of strata not much less than two miles in thickness fi·om the
top of the Jurassic down wards, so as to include the carboniferous.
At the mouth of Lost Creek there is a remarkable example of nonconformity in hills of different ages. The reddish conglomerate rests
directly upon the upturned edges of the vertical beds described above,
and it is an important question what has become of all the interrneuia.te
beds, containing the coal, which are so conspicuous about tiYe miles
abm-e Echo City.
Descending the Weber from the Narrows, we find some of the most
remarkably rugged scenery in the vVest. The walls are very noticeable,
and are formed of two beds of limestone, projecting from the sides of
the valley at right angles, from between which ten or twelve feet of loose
material bas been washed out. Near the tunnels the rocks on tlle left
side of .the Weber dip a.b out 100 nearly north, while on the other side
the strata incline in the opposite direction 3° to 5°, as if the valle,y was
anticlinal. Then again the valley would appear to be monocliual, the
strata on the right side of the river inclining 20° south, and on the
opposite side, though presenting a nearly vertical front, inclining south
also. A little farther on down the valley, and on the right side of tlw
river, come beds of red sandstone ; below these again gray sandstone,
with a reddish tinge, the red sandstone dipping east 12°; wbile on the
opposite side of the river the hills are open, rounded, and grass-eovered.
The cherty crinoidallimestone extends to J\forgan City and gradually
disappears. The red sandstones are seen among the foot-Lills.
At _Morgan City v,re come out of the principal canon of the Weber into
a broad open l>ottom, filled with little villages and farm-houses. The
soil is of great fertility. The hills on either side are smoothed off and
covered thickly with loose material and veg·etation. The high vertical
exposures all disappear. The Wasatch range seems to trend nearly
north and south; even the foot-bills of this range are so smootlled off
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and covered with drift, and then with grass, that the underlying rocks
are not to be seen. The industrv shown by the 1\Iormons in thi:::; valley
is worthy of all praise. The little streams are made use of to irrigr~te
the rich bottom lands, which produce abundantly, and the houses look
neat and comfortable. Fruit cannot be raised to any extent in the
Weber Valley. The varieties of trees are confine<l mostly to the bitter
cottonwood, although from Echo City down \VC meet with a small dwarf
oak, box-elder, striped maple, and choke-cherry.
J nst below the little village of Enterprise I saw in the llillt", rocks
composed of an aggregate of qnm·tz pPubles. Still farther <lown we
come to feldspathic rocks, indicating that tlle dip of the gneissic beds
of the \Vasatch range is westward. The Wasatch range is composed of
gnei:::;s, so far as the rocks can be seen along the \Veher. The rocks are
beautifully banded everywhere. There are also coarse aggregations of
quartz and feldspar, with large masses of tourmaline; and all through
the gneiss, are seams of feldspar and quartz of various thicknesses.
The evidence is quite clear that from lHorgan City to the entrance of
the \Vasatch Calion stretched a lake, the waters of which nlnRt have
filled np the valley, rounded off the hillR, and co\·ered the sides of the
mountains with loose debris. Along the sides of the calion of the
"\Vasatch, four and a half miles long, are thick deposits of loose sand,
interspersed with water-worn bonltlcrs in many places. These deposits
have been cut throngll in making excavations by the railroad, and the
lines of current deposition are curiously well marked. Auout half way
through the calion there is a sudden bend in the vVeber Hiver, by which
a small portion of one of the gneissic ridges is cut off. Opposite this
ox-bow, a calion descends the mountain side, clown which a vast quantity
of loose material has been swept, filling the channel of the river with
local drift, and probably driving the current through the gneissic ridges.
The Weber Hiver, if its channel were straightened, would run through
this deposit of drift, which is about thirty feet thick; instead of which
it makes a bend and cuts its way through a massive gnei::;sic ridge.
Extensive deposits of whitish, fine-blue ancl rusty-yellow sandstones,
hr~rd enough for building purposes, with flesh-colored marls, probably of
pliocene age, and resembling very closely in many respects the more
recent tertiary beds along the Platte, occur in this valley. These recent
beds dip cast or southeast. vVe tlms learn that some of the later movements in the elevation of these mountain ranges have been of comparatively modern date. Terraces continue to show tltemselves the entire
length of the 'Veber Uiver, and they are probably synchronous with
tlwse which surround the basin of Salt Lake Valley.
After emergiug from the \Vasatch Calion of the Weber valley, we
pursued a southerly course aloug the base of the Wasatch range to Salt
Lake City. For twenty miles or more all the unchanged rocks biwe
been. worn away from the fl<mks of the mountains, or completely concealed by tlebri::;. All over the gentle slopes at the foot of the mountains are strewn masses of rocks, all gneissic and evidently derived
from the central parts of the mouutains. Terraces surround this basin
everywhere. Tlwre is oue large one, with two or three smaller ones,
on the sides of the mountains; and from tho lowest one downwards the
surface slopes gently to the lake. I ·was informed that the lake ha\1
risen nine feet Yertically since 1868, and of course the water has aggrcssed upon the land to a great distance. I have beard uo explanation
of this phenomenon. All the lakes in the vV est are said to be ri:-;ing
more or less.
The carboniferous limestones begin to make their appearance along
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the flanks of the mountains about ten miles north of Salt Lake City, and
continue to a greater or less extent all around the rim of the basin.
On the flanks of the mountains east of the city are the red beds, and
prooably a careful study would reveal Jnrassic, cretaeeous, and possibly even tertiary beds. President Young has long since offered a
large reward to any one who would discover workable beds of coal
within a reasonable distance of the city, and a thorough search has been
ma<le for them, but thus far without success. A bed of coaly clay only,
has been found near the city in the mountains. All the coal used in the
valley is transported in wagons from Coalville, on the vVcber. The best
of red sandstone for building purposes is brought from Red Sandstone
Calion, just east of the to"Tn. I think it is of Triassic ~-:ge. The beautiful gray granite which is used in the construction of the ::\-forrnon 'l'emple is brought from Cottonwood Valley in the \Vas:l:tch .:\iountaius. It
is composed of white feldspar, quartz, ~mel black mica.
The surface of Salt Lake Valley ho.s been rendered fruitful by the industry of the Mormons. Like the greater portion of the West, it was
originally a vast sage plain. Now, by irrigation, all kinds of cereals and
roots grow luxuriantly, and there are ·no better apples, peaches, plums,
grapes, &c., raised in America. It may eventually become a vine-growing
region.
Following the sta,ge road eastward, sixteen miles from Salt Lake City
to the Brewery at the mouth of Parley's Calion, we reach the foot of
the mountain, m'er sand beds which are probably of post-pliocene age.
Here a little stream cuts through the .sand beds, exposing a vertical
bluff two hundred feet high, composed of fine sand, horizonta:ily
stratified and overlaid with a great thickness of water-woru pebble conglomerate. There are indications all along the flanks of tlw mountains
that nearly or quite all the formations already recognized as far west as
thi~ point are here represented.
At the entrance of the calion the
carboniferous limestones dip northeast 70° to soo; oYer them lie the
purple arHl red sandstones and rusty-yellow layers, and under them reddish shales. Beneath these shales an immense thickness of dark-gray
silicious rock stands nearly Yertical. All this yast thickness of older
rock~, in 3,ppearance semi-metamorphosed, is undoubtedly t.he counterpart of the series described in the vVebcr Valley, just below the entrance of Lost Creek.
The road passes up a monoclinal Yalley between the ridges of quartzitic
rocks, haYing a brittle fracture, and the monoclinal slopes are covered
with debris. No gneissic rocks are noticeable along this road.
Defore reaching the summits, in fact soon after '"e begin tho ascent,
we come to tlle conglomerates and sandstones which accompanied us
down the Echo and vVeber Valleys. Near the summit aU the hills are
rounded by erosion and grassed over, and water-worn boulders are scattered about here and there, so that the underlying rocks are partially
concealed. J nst beyond the summit we arrin~ at a broad open exposure
in the valley of the stream called Parley's Point, half a mile wide and
about seven thousand feet above sea level. Settlements are numerous
.au along the road; but while there is very good grazing, few of the
cereals will grow.
All the roeks on the eastern slope incline at a greater or less angle
appa,rentl,y towar<l the east. tTust as we enter Silver Creek Valley we
come to numerous upthrusts of partially changed sandstones and conglomerates, the first in<lications that we got along our route of the neighlJorhood of igneous rocks. Some of the masses of rock which go to make
up the conglomerate are of great size, Yery compact, and of a steel-gray
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color, and are inclosed in a steel gray :::;ilicions paste; but whether large or
small, all are angular. These might be called volcanic conglomerates,
for they are of igneous origin. They occur in the South Park and near
the sources of Lewis's Fork of the Columbia River.

CHAPTER XIII.
GENERAL REVIEW OF THE GEOLOGY OF THE COUNTRY FROM OMAHA TO
SALT LAKE VALLEY.

In the preceding chapters I have endeavored to present a simple statement of facts as I have been enabled to read them in nature. The
simplicity and unity of the Great Rocky Mountain system is such, that
when a sufficiently wide range of facts has been secured it will not be
difficult to derive from them some generalizations of permanent value.
In this chapter I desire to recapitulate somewhat briefly the principal
geological features of the country from the Missouri to Salt Lake Valley,
stopping here and there to discuss some obscure points.
The upper coal measure limestones are seen at Omaha, near the water's
edge, and quarried .all along the Platte nearly to the Elk Horn River.
The lower cretaceous rusty sandstones of No.1 overlap the upper
carboniferous limestones about four miles above the mouth of the Platte,
and extend to the mouth of the Loup Fork; but the yellow marl deposit,
or loess, conceals for the most part the underlying rocks. A fine yellowish sand, of the same age, or ~t little less recent, overlaps the cretaceous
near Columbus.
Cl'he chalky limestones of No. 3, with the characteristic Inoceramus
p'roblematicus, here and there crop out, and some obscure exposures have
been detected in the Pawnee reservation, fifteen or twenty miles up the
Loup Fork.
This fine yellowish sand soon gives place to the pliocene beds of the Platte,
Loup Fork, and Niobrara Rivers, composed of indurated marls, sands, or
sandstones, which continue on as far as the margin of the Laramie range
of mountains, five hundred and thirty miles west of Omaha-that is, for
nearly four hundred and thirty miles along the line of the railroad. In
the grand anticlinal ofthe Laramie range, which I have already described,
they sometimes repose with a slight discordance on the older rocks; sometimes, as near the Laramie Peak, they rest directly on the granites, and
entirely conceal, for a distance of forty or fifty miles, all the unchanged
rocks of older date; but a careful study of the eastern flank, from Red
Buttes to Long's Peak, will reveal aU the
14
formations that are known to exist in this
Fig.
·
part of the West, inclining from the sides
of thr granitic nucleus at various angles.
li'igure 14 will illustrate the surface features of the Monument Creek Group. The
rocks are composed mostly of decomposed
granites, a feldspathic paste holding some
pebbles of quartz or feldspar. The columns
that are left standing over a large area,
are capped with a hard layer of rusty yellow
sandstone, as shown in the cut. This group
covers the divide between the ::3outh Platte
and the Arkansas Rivers, and is supposed
.to be of upper miocene or pliocene age.
Monument Creek, Colorado.
11 G
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Figure 15 will serve to show t.he appearance of the ridges of uphea.,.·al
or "hog backs," as they are sometimes called in the west. These ridge~
occur to a greater or less extent all along the eastern flanks of the Rocky
:Mountains. They sometimes rise like steps to the crest so that on'e
may w~l~ from the tertiar~ formations in the plains, holdi;1g a horizontal positwn, across the upl~fted edge~ of all th~ formations to the granite
nucleus. Bet_ween these ndges are, 1n many Instances, beautiful grassy
valleys, varying from a few hundred yards to half a mile in width .
.Whe~ exposed only on one side of a range I have called them monochnal ndges and valleys.
·
Fig. 15.

Ridges of upheavel near Big Thompson Creek, Colorado.

The railroad then for forty miles passes over and cuts through a great
variety of syenites; some compact, beautiful building stones, almost
equal to the Scotch syenites, but the greater part ferruginous and easily
disintegrating on exposure.
On the west side of the Laramie range we pass across the uplifted
edges of the various formations seen on the eastern margin. We know
that the carboniferous limestones occur here, for the fossils which,
though not abundant, are explicit as to their age. The limestones lie
all along the margins of the Laramie range up to the Red Buttes, and
sometimes slope so gently and cover the flanks so uniformly as to appear
like a sort of flexible roof. Along the North Platte, above Laramie
Peak, the little streams have cut deep canons through the limestones
and sandstones of carboniferous age. In Box Elder Canon, Hemipronites
crassus, Productus semieticulatus, A. viculapecten occidentalis, and other
well-known carboniferous forms occur. Between the granites and the
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limestones is a thin series of fine and coarse sandstone, the layers resting directly·up()n the granites, being composed of a sort of :fine puddingstone consisting of an aggregate of quartz pebbles and rustv coarse
saud cemented with lime. This may possibly be a remnant of the Potsdarn san?.stone .'vhich occurs so well developed far:tuer north in the Big
Horn, W md R1ver, and Sweetwater ranges. Th1s same sandstone is
observed far north to Red Buttes, but I have never been able to :find any
trace of organic remains.
Fig. 16.

Uplifted Carboniferous Ridges, Jefferson Fork, Upper Missouri.

Figure16is introduced in this connection simply to show the ridges
of carbomferous limestone, as they are revealed along the flanks of tho
mountains. This cut will apply to the ridges about ten miles west of
Elk Mountain, although the sketch was taken in the valley of Jefferson
fork of the Missouri River. Similar examples occur all along the east
and west sides of the Laramie range. The figures are introduced in this
connection to make more clear the theory of the upheaval of the Rocky
Mountain ranges, which bas been expressed in this and previous reports.
The red beds are well revealed all along the western flanks of the
Laramie range, and are always noticed by the traveler on account of
their peculiar brick-red color. The harder layers of this rock are
much used for building purposes. I am unable to say yet whether
these red sandstones are triassic or Jurassic, though I believe that between these and the cretaceous formations, Jurassic beds occur. Along
the Big Laramie the cretaceous rocks come to the surface. The quartzites and sandstones which I have usually referred to No. 1, or lower
cretaceous, underlie the plain just west of the railroad south of ]~ort
Sanders; and in the banks of the Big Laramie, near the old stage
station, No. 2, occurs with its dark plastic laminated clays, with thin layers of fibrous carbonate of lime, to the surface of which are attached
great numbers of the ubiquitous Ostrea congesta. In the level plain
west of the Big Laramie, No. 3 is exposed fifty to one hundred feet in
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thickness, with its usual yellow chalky character; the usual Ostrea
congesttt occurs in great abundance. Immediately along the line of the
railroad no indications of No. 3 have ever been observed. Nowhere in.
the Laramie plains are any of the subdivisions of the cretaeeou.s group
well defined. These beds occupy the country along the line of the
road from Laramie City nearly to Como Station, a distance of sixty
miles; at this point the red beds and the true Jurassic rocks are
brought to the surface, over a restricted area, by means of an anticlinal
which forms a valley through which the road passes. The strata incline from either side. The south side of the road exposes the most
complete series of beds; a high ridge is composed of Jurassic beds,
mostly capped with the sandstones of No. 1, while as far as the eye
can reach to the southward the low~ wave-like ridges of No.2 can be
seen. Towards the southwest, the anticlinal valley seems to close up,
but to the northeastward it expands indefinitely, and extends, no doubt,
to the Laramie range.
From a point about ten miles west of Como to St. Mary's Station, a
distance of fifty miles, the tertiary coal beds, with the sands, sandstones,
and clays peculiar to them, occupy the country. The most important
coal mines are located at Carbon ; no shells have ever been observed
in connection with the coal, but thousands of impressions of deciduous
leaves are found. It is an important point to fix the age of the coal
beds in any one locality. So far as we can determine, the coal beds of
the Laramie plains are of eocene age, although the plants are more
closely allied to those of the miocene period in the Old World.
In the vicinity of Elk Mountain, along the Overland stage road, in
beds which I regard as belonging to the older tertiary, and holding a,
position near the junction of the tertiary and cretaceous, and nearly or
quite on a parallel with the lower tertiary beds near Denver, Colorado,
I found a quantity of fossil leaves, among which Dr. Newberry identifies Platanus Haydeni, Quercus aceroides, Magnolia tenerafolia, with fragments of Cornus and Rhamnus. The same species occur in the upper
portion of the coal series on the west side of Bridger's Pass. At Car:bon
Populus cuneata, P. Nebra,scensis, and Platanus Haydeni, are very abundant. From St. Mary's Station to Rawlings' Springs, a distance of thirty
miles, the road passes over rocks of cretaceous age ; although on the
hills on either side remnants of the coal strata may be found. About
two miles west of this point the coal beds begin to appear again, and at
Separation, Platanus Haydeni, Cornus acuminata, with other undetermined species of plants, occur. This point forms the eastern rim of a
basin which extends about one hundred and ten miles to the westward.
A new group comes in which I have named the Washakie Group, from
the fact that near this station are beds of calcareous sandstone and limestone, composed of an aggregate of fresh-water shells. As they are
mostly casts it is difficult to identify the species, but Mr. Meek has
named the most abundant kind Unio Washakeei. Soon after leaving Bitter
Creek Station the coal strata of eocene age rise to the surface from beneath the miocene beds of the Washakie Group with a reversed dip.
Here we find numerous beds of coal, and in the rocks above and below
the coal are great numbers of impressions of lea-ves, and in the clay
seams of oyster shells of several species. At Black Buttes Station, eight
hundred and fifty miles west of Omaha, we found Sabal Campbelli, Rhamnus elegans, Cornus acuminata, Quercus aceroides, Tilia ~ntiqua, with
other undescribed species. At Point of Rocks, fourteen miles farther
west1 Platanus Haydeni, P. N ebrascensis, Corn us a.cuminata, 1lfagnolia
knerajolia,occur. At Hallville the black slaty clays, formingtheroofofone
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of the most valuable of the coal beds of this region, are crowded with bivalve shells, two species of which Mr. MEek has named Cyrena fracta., and
0. crassatelliformis, regarding them as tertiary. They are undoubtedly
brackish-water forms and show a sort of middle position-that is, middle
or upper eocene. That there is a connection between all the coal beds
of the vYest I firmly believe, and I am convinced that in due time that
relation will be worked out and the links in the chain of evidence joined
together. 'rhat some of the older beds may be of upper cretaceous age
I am prepared to believe, yet until much clearer light is thrown upon
their origin than any we have yet secured, I shall regard them as belonging to my transition series or beds of passage hetween the true cretaceous and the tertiary. When the large collections of fossil plants from
the vVest, now in the possession of Dr. Newberry, are carefully studied,
we shall have a much better basis upon which to rest a conclusion. It
will be seen at once that one of the most hnportant problems in the geology of the West awaits solution, in detecting, without a doubt, the age of
the coal series of the West, and the exact line of demarkation between
the cretaceous and tertiary periods.
The study of this question shows the importance of the continued
accumulation of facts and the collection of organic remains. Neither
can we place too rigid reliance on the teachings of the fossils, for it has
already been shown many times that the fauna and flora of the tertiary
deposits of this country, when compared with those of the Old World,
reach back one epoch into the past. We have already obliterated the
chasm between the permian and the carboniferous era, and shown that
there is a well-marked ino~::;culation of organic forms-those of supposed
permian affinities passing down into well-known carboniferous strata,
and admitted carboniferous types passing up into the permian. We
believe that the careful study of these transition beds is destined to obliterate the chasm between the cretaceous and tertiary periods, and that
there is a passing down into the cretaceous period of tertiary forms, and
an extending upward into the tertiary of those of cretaceous affinities.
It appears also, that every distinct fauna or flora of a period ought
to contain within itself the evidence of its own age or time of existence,
with certain prophetic features which reach forward to the epoch about
to follow. If there is a strict uniformity in all the operations of nature
when taken in the aggregate, as I believe there is, then this is simply in
accordance with the law of progress which in the case of the physical
changes wrought out in the geological history of the world has operated
so slowly that infinite ages have been required to produce any perceptible change. The position that I have taken in all my studies in the
West is that all evidences of sudden or paroxysmal movements, have
been local and are to be investigated as such, and have had no influence
on the great extended movements which I have regarded as general, uniform, and slow, and the results of which have given to the West its
present configuration. The splendid group of fossils obtained on the
Upper Missouri, from the Fox Hills Group or upper cretaceous beds,
illustrate the prophetic element I have. mentioned above. Among them
are many true cretaceous forms, as Ammonites, Baculites, Inoceramus, &c.,
yet these all present such a modern facies that they seem plainly to look
forward into the succeeding epoch, which in the case of our Atlantic
coast was strictly marine. It was no fault of the fossils themselves that
they were mistaken in this instance.
vVe may suppose that near the close of the cretaceous period, the
ocean extended all oYer the area west of the Mississippi, from th~ Arctic Circle to the Isthmus of Darien. How much of the country east of
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the Mississippi was beneath the ocean I will not now attempt to determine. Restricted portions of the western continent may have been
above the ocean level, and some of the mountains may have projected,
like rocky islands, above the waters. Near the close of the cretaceous
period the great water-shed of the continent was marked out, and the
marine waters were separated into more or less shallow seas, lakes, estuaries, marshes, &c. .Among the marshes sported the reptiles, the
remains of which are so abundant in the tertiary deposits; and on the
areas raised above the waters grew luxuriant forest trees and other
vegetation which contributed to the formation of the coal beds. We
shall attempt to show from time to time that, although the coal deposits
of the West occupy an enormous area, yet the profitable deposits of coal
lie in detached basins, some of which are quite restricted in their area.
The study of these coal formations in nature shows most plajnly that
some of the beds of coal extend, uninterruptedly, over enormous areas,
as if the Yegetable matter had been deposited in a sea, or that the
physical conditions attending its occurrence were widespread and uniform, while in other localities coal strata of great thickness clearly occupy but a limited area. We are aware that beds of coal, but a few
miles apart, and evidently synchronous, show no physical evidence of
eYer having been connected with each other. There is another curious
fact, that, while very nearly the same species of plants occur, the coal
strata are nearly, or quite aU, marine or brackish, while far removed
from the mountain ranges the sediments very soon become purely freshwater. On the Upper Missouri, where the coal-bearing group covers so
large an area with remarkable uniformity, only the lowest beds contain
marine forms, and very soon we pass up into strata with purely freshwater fossils. We may suppose that at an early period, during the tertiary epoch, this portion was cut off from access .t o the salt water. If
our ideas of the physical geography of these epochs are correct, coal
strata of contemporaneous origin ma~r be purely marine, purely f:i·eshwater or brackish, depending upon the proximity of the sea, lake, or
marsh, to the ocean waters.
We ha\~e already shown many times that there is no real physical
break in the deposition of the sediments between the well-marked cretaceous and tertiary groups. In some localities the continuity is clear
and beautiful in the highest degree. On Green River, and in the Bitter Creek Valley, one can trace the continuity step by step, so far as the
strata are concerned, from the cretaceous through the greatest thickness ~f clays, sands, and sandstones of the lower tertiary to the purely
fresh-water beds of Green River shales, Washakie or Bridger Groups.
In these localities the influence of the elevation of the mountain ranges
bas been such as to expose the outcropping edges of all the strata from
the cretaceous to the sands of the most recent tertiary, like the
leaves of a book. .We have already shown that in the clays interspersed
among the coal beds in the Bitter Creek Valley, are seams of oyster shells of several species. .A few other marine forms have been observed. .At Hallville, near Point of Roeks, we have seen that in the
slaty shales, alJove one of the coal beds, are proofs that at that period
the physical conditions were most favorable for the existence of a profusion of brackish-water life; that in this locality, from 3,000 to 4,000
feet of coal strata were deposited before the salt water ceased to have
access to these tertiary lakes. At Bear l{iver, also, the same history is
written upon the rocky layers. We have well-defined cretaeeous strata,
and from these we ascend through a series of sandstones and clays, with
an abundance of shells of the genus Ostrca, and a few other marine forms
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resembling tertiary types as much as cretaceous. Soon we come to the
coal beds, which, at this locality, are nearly vertical. Above them we
find seam::; of oyster shells, but no other marine forms. And finally,
high up in the upper beds of the coal group, we find the greatest profusion of brackish and fresh-water life that we have observed in the West,
Unio pr·iscus, U. belliplicatus, Cyrena durkeei, Corbula pyriformis, &c.
So far as the Evanston coal mines are concerned, no shells have been
found in connection with them, so far as I know. But last year, in the
calcareous sandstones above the huge 26-foot bed, I discovered a magnificent serieR of fossil leaves, among which, Dr. Newberry informed
me, he had detected species identical with those occurring in connection
with the coal beds of the Laramie Plains, and on the Upper 1\lissouri.
No plants have been observed in the vicinity of Bear Hiver City. What
relation the coal beds here sustain to those at Evanston, I cannot determine. As yet there is no evidence of any connection whatever, except
proximity.
The next locality where coal is exposed is at Coalville, a little town in
the valley of Weber Hiver, five miles above the mouth of Echo Creek,
where it crops out in a number of places over a very restricted area.
The general dip of the beds is northwest, 100 to 18°. The most important opening of a coal vein is that of Mr. Spriggs. The coal bed
is fifteen feet thick, twelve feet of good coal, and the other three feet
somewhat impure, but useful as a fuel. The dip is 20° to 30°; the roof
is composed of yellowish-gray sandstone, sometimes a pudding-stone,
with only about an inch or so of clay between. An air shaft sunk by
Mr. Spriggs passed through t,he sandstone sixty feet. Mr. Spriggs informed me that there w~re six different seams of coal in this region.
Just above the third seam there is a layer of o;yster shells about' four
feet thick; tile clay under the coal varies in thickness, sometimes sixteen
feet, again eighteen inches; below this is a yellowish-gray or brown
sandstone. Looking down tile Weber Valley, the group of beds form a
sort of semicircle, dipping west and northwest. In the high ridge that
lies immediately north of Chalk Creek, we have a series of yellowish
and brown-gray clays and sands, with one or two beds of light, brickre<l, arenaceous clay, the whole extending up two hundred and fifty
feet above the coal, apparently. On tbe summit of this ridge, and in
<li:fl'erent layers along the outcropping edges of the ridge, are great
quantities of marine shells, which are regarded as of very modern cretaceous types. A few hundred feet south of Spriggs's opening, a party
suuk a shaft ejgbty feet with the intention of cutting the bed of coal;
the shaft cut through the black clays of what I regard as cretaceous
No.4. In the clays that were thrown out of the shaft were great quantities of lnocercwnus, Ammonites, Ostrea, &c. The coal is evidently in close
proximity to these cretaceous clays, but, I think, above them. From
Chalk Creek to Echo City it is about four miles in a straight line;
about two and a half miles of it is occupied by eight to tweh'e ridges
of the coal strata, inclining 100 to 30o, averaging 200. There is not less
than one thousand feet of them exposed here, but the coal is mostly,
and perhaps all the workable beds are, in the lower portion. There is
a sort of valley which forms the line of separation between the coal
strata and the Wasatch Group; the remaining one and a half miles is
composed of the Wasatch conglomerates. In the group of coal strata,
all of which I suppose lie above the Coalville bed, shells of the genera Anchura, Gyrodes, Inoceramus, and Ostrea, are foun<l. The eYidence seems to point to the cretaceous age of the coal group in "\Veber
Valley. It is the only locality in the West that bas come under my ob-
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servation whe.re the proofs seem to be so conclusive; and yet I wish to
make a still more careful examination of this locality before I commit
myself fully. My reading of the rocks is, that they are either upper
cretaceous, above what we have usually regarded as No. 5, or a portion
of my transition series, more purely marine in their character than
usual.
If it is true that there must have been such a continuity in the progress of events during geological times that there can be no general physical line of separation between any of t.he great periods, and that the
names Jurassic, cretaceous, or tertiary are merely terms of conveniencemilestones, as it were, to mark steps of time-then why should not certain marine forms of life extend up into the lower eocene, or in other
words, did not the cretaceous deposits at certain localities continue on
up, unchanged, into tertiary time~ Whether the coal strata of the
West are of cretaceous or tertiary age, or both, is a matter of indifference
to me; I only wish to discuss the subject from time to time, as the occasion offers, in the light of such facts as I can secure. The geologist is
simply the interpreter of nature. He mm;t seek to read the records as
the Creator has written them upon the tablets of stone, and his observations will be of permanent value ouly when he is able to arrive at
the true reading. Experience has shown that with a simple love of the
truth, untrammeled by tradition or preconceived notions one is led step
by step, slowly, perhaps, and through many difficulties, but eventually,
to the light.
We will now pass rapidly down the valley of the Weber River. The
geological structure is very complicated, and there is much that is
yet obscure. We only hope, at present, to contribute something toward
a knowledge of it. Every year we hope to gather more facts and extend our examinations over larger areas. Before proceeding further we
might say a word in regard to the conglomerates which form the most
conspicuous feature in the geology of this region. I now regard the
whole group as distinct from an:r other-a separate lake basin. The eastern shore of it may be regarded as the same as the eastern rim of the
great basin, of which Salt Lake Valley forms a part. The great thickness of variegated clays, sands, and sandstones, which we see from Carter Station to the middle of Echo Uaiion, lie beneath the vast body
of conglomerates in Echo and Weber Valleys. I have never been able
to find a single well-defined fossil in this group, only a few small fragments of the shell of a fresh-water turtle. It occupies so large an area
that it seems to me more careful explorations must bring to light some
organic remains. From physical evidence I am inclined to the belief
that it began its existence after that of the Green River Group, but before the close of that period and extending up through the time of the
deposition of the Bridger Group ; that is, the conglomerates are probably on a parallel with the .Bridger Group~ or upper miocene. These
conglomerates originally extended entirely across the vYasatch Mountains. In City Creek Caiiou, on the west side of the range, these conglomerates are finely shown, a thousand feet or more in thickness, inclining from t.he range. There is the same evidence of want of conformity as is shown near the "Narrows," but no rocks more recent than
the Jurassic limestones were observed between them. I do not doubt
that further to the southward both cretaceous and older tertiary beds
occur on the flanks of the mountains. The immense thickness of st.rata
exposed in the Weber Valley seems to be made up, so far as I can ascertain, of tT urassic, triassic, and carboniferous rocks. Near Morgan
Station, in limestones which appear to hold a position at the base of the
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series, I saw great quantities of fossils, among them several varieties
of Productus, Spirijer, &c., well-known carboniferous forms. Fossils of
the same age are quite abundant just over the l'ange near Salt Lake
City, and in many other localities all over the valley. There may be
restricted areas in the Salt Lake basin where unchanged rocks of older
date than the carboniferous occur, but they have so far escaped my
observation, and we have no evidence of their existence from the examinations of other explorers.
In my laRt preliminary report I alluded briefly to a series of sands,
sandstones, marls, &c., in the Weber Valley, between Morgan Station
aml Devil's Gate, and also along the foot of the mountainl:i in Salt
Lake Valley proper. That they form a separate group from all others
I do not doubt, although in point of time they may be regarded as au
extension upward of the 'Vasatch Group. I have gh'en these the name
of the Salt Lake Group, and I believe them to be of pliocene age. All
through the mountain districts these later pliocene deposits occur, composed of light-colored clays, sands, marls, &c., not unfrequently yielding
numbers of vertebrate remains. The Salt Lake Group has so far revealed
but few fossils, only one species of Helix. During tlw middle tertiary
period, it seems probable that the metamorphic and granitic rocks
which form the uueleus of the mountain ranges were exposed to the
erosive action of the waters to a great extent, and thus their decomposition, mostly feldspar, supplied the materials for these pliocene deposits.
Their uniformity in composition and color is quite remarkable. In most
cases these beds have been very slightly disturbed and do not conform
to the older rocks, though I think they conform to the conglomerates.
These recent beds underlie the benches or terraces which form so
marked a feature in Salt Lake Valley. There are still more recent
deposits in Salt Lake Valley, which, from their magnitude, deserv0
mention. As we emerge from the Weber Calion into Salt Lake Valley
we see on either hand high, rounded hills, which jut close up to the foot
of the mo~1ntains. All the older rocks seem to have been swept away,
leaving a very large area., from a point about ten miles nor_th of Salt
Lake City to the mouth of Bear River, occupied only by the arenaceous
clays of the quarternary period. The cuts along the railroad show
the character of these deposits quite clearly. Still more recent,
and probably forming a portion of this deposit, are the immense accumulations of loose sands anu drift or worn pebbles and boulders whicll
arc found everywhere in Salt La.lce Valley and extend high up the
Yalleys of the streams whicll empty their waters into Salt Lake. From
the mouth of Echo Creek to tlw Salt Lake Valley, Weber Valley is
covered with a prodigious quantity of worn rocks of greater or less size,
from a sma.Il pebble to boulders two or three feet in diameter. The
terraces are composed of fine sediments, mingled. with pebbles and
boulders. On the sides of the Weber River, in its passage through the
Wasatch range, we see fifty to one hundred feet of tllis fine sand, gravel,
and boulders, with a kind of irregular stratification, which indicates
deposition in moving waters. I mention these details to show with what
fidelity the records of the various chang-es, geographical and geolog-ical,
of this valley, haye been preserved. We see that by careful examination
we can trace the history step by step far back, from the middle of the
tertiary period up to the present time.
Let us for a moment glance at some of these intermediate steps and
ascertain what bearing they have on the progress .of the growth of our
continent. The Salt Lake Group, which I have already described, Iregard as an important feature in the history.
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The sediments reach a thickness of eight hundred to one thousand
two hundred feet at least. It not only occupied a vast area in the great
basin, but extended up the valleys of the numerous rivers that fiow
therein. In the \Veber Valley above the Devil's Gate, or on the east
side of the Wasatch range, this group occupies an oval area of twelve
miles long and eight miles wide, or about one hundred square miles. It
forms one of the series of mountain lakes which occupied hundreds of
the oval areas, or parks as they are now called, in the great mountain
system which extends from the Arctic on the north to the Isthmus of
Darien on the south, and I presume also to Patagonia, in South America.
The Salt Lake Group I regard as of pliocene age and contemporaneous with the Niobrara, Arkansas, and Santa Fe Groups, with numerous
other small accumulations of marls and sands in the Middle Park, and
among the mountains far to the northward and throughout the Humboldt Valley, Oregon, &c. All the proofs we can secure, up to the present tim(', indicate their fresh-water origin. What geographical changes
have occurred in this long period of time we will not now attempt to determine; we wish simply to express our belief that, at least since the
middle tertiary period, the salt ocean has not had access to thi~ great
basin. If now we pass to what may be called for convenience the quartenary period, or the one that gradually merges into the present, we
shall find that it presents geological features of no ordinary interest.
In <lescending the Weber Valley, after ·we emerge from the cailon of the
vVasatch range into the open valley of Salt Lake, '"e 'obsen·e on either
side thick beds of sands and arenaceous clays, which must have been deposited in the quiet waters of a lake.
In the valley of Salt Lake, and especially in that of the vVeber River,
these drift deposits possess a thickness of several hundred feet, and of
these materials the terraces are formed. Near Salt Lake City, in digging a well, fresh-water shells were found in these deposits, forty feet
below the surface~ and on the north side of the lake, where these deposits
are very largely exhibited, the cuts in the railroad, through the gravel
and sands, reveal the greatest abundance of fresh-water shells, showing
that at this time the physical conditions were unusually favorable for
the existence of fresh-water molluscous life. So far as I could ascertain, these conditions do not exist at the present time, or if they do, it
must be only to a limited extent.
I am indebted to the kindness of Mr. George W. Tryon, jr., for the
identification of the species obtained from this drift:
1. Flurninicola jusca. This species seems to have been very abundant;
it exists at the present time in the mountain streams.
2. Pornatiopsis Cincinna.tiensis.
3. A 1nnicola limosa.
4. Valvata sincera.
5. Limnea desidiosa.
6. Lirnnea catiscopium.
From these observations I infer that a vast fresh-water lake once ocenpied a.U this immense basin; that the smaller ranges of mountains
were scattered over it as isolated islands, their summits projecting above
. the surface; that the waters have gradually and slowly passed away
by evaporation, and the terraces are left to reveal certain oscillations of
level and the steps of progress toward the present order of things; and
that the briny waters have concentrated in those lake basins, which have
no outlet. The entire country seems to be full of salt springs, which
have, in all probability, contributed a great share to the saline rharacter of the waters.
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But we must not omit to mention in this connection the Warm Springs,
which are located about a mile north of the city. They issue from the
limestone rocks near the foot of the Iiwuntains; all around the place
are tufa-like iucrnstations of sufficient hardness to be used for walls and
fences. The baths at this place are the most grateful I have ever cn,ioyed,
and 1 cannot well conceive of a more desirable locality for in,TalidH in a
sanitary point of view. The following analysis of the water, made by
Dr. Charles S. Jackson, of Boston, is posted on the walls of the bathinghouse, which any one can have the privilege of reading or copying:
Three fluid ounces of the water, ou evaporating to entire dryness in a platina. capgave 8.25 grains of solid dry saline matter :
Carbonate of lime and magnesia.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.240
1.280
Peroxide of iron . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.040
0.20S
Lime .................... ___ .. ____ .. ___ .. . _. . . . . . . . . . . . . . . . . . . . . . . 0.545
2.907
Chlorine.......................................................... 3.454
18.421
Soda ............ _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.877
15.~44
Magnesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.370
2.073
Sulphuric acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.70~
3.748
sule~

R.22~

43.981

It is slightly.charged with hydro-sulphuric acid gas and with carbonic acid gas, and
is a pleasant, saline mineral water, llaving the valuable properties belonging to saline
sulphur springs.

The above is a true copy of the. analysis, and the reader can extract
for himself whatever information of value it may contain.
About three miles north of the city are the Hot Springs, which are
well worth the examination of the traveler. The water boils up from
beneath beds of limestone at the base of the mountains, and it is only
necessary to thrust the band into it to ascertain that it is boiling bot.
l\Ieat is readily cooke.d in it, and eggs will be ready for the table in three
minutes. The dense column of steam that rises perpetually will always
point out the locality of the springs. Quite a large volume of water
issues forth, forming a stream four or five feet in width and six inches in
depth. It flows into a beautiful lake not far distant to the west, called
Hot Spring Lake. This lake is supposed to be supplied to some extent
with water from bot springs beneath the surface. Still the hot water is
not sufficient to pre-v.:,nt the existence of some kinds of excellent fish,
among them fine large trout. Springs which, if they existed on the
Atlantic coast, would. be of great value, are so .common throughout all
this region that they attract but little attention. Hot, warm, and cold
springs frequently issue from the ground only a few yards apart.
In no portion of the inland West will the traveler so delight to linger
and enjoy the novelty anu beauty of the scenery and the exhilarating
influence of the atmosphere. But before leaving this pleasant region
we may devote a paragraph at least to the remarkable inland sea which
gives the name and fame to Uentral Utah.
Although such streams as the Jordan, Weber, and Bear Rivers, with
numerous smaller ones, have been for ages pouring a vast volume of
water into this lake, it is now well known that it has no visible outlet;
the question naturally arises, What becomes of all the water thu~
gathered into this area~ We believe that it all disappears by evaporation. It seems, however, that of later years the evaporation has not been
going on as rapidly as in former times. It is stated by the railroad
engineers that the waters of the lake have risen nine vertical feet since
1864, and the general impression is, that all the lakes of the West are
rising more or less.
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We might note, in this connection, many changes which this valley
must have been subjected to since the present configuration of the surface was outlined bv the elevation of the mountain chains. Several
times this valley must have been filled high up on the mountain sides
with water; water, too, with but very little of that saline character which
it possesses at this time. Indeed, I am convinced that, while the lake
itself is not of modern origin, yet as a salt lake, in its present condition,
it is of comparatively recent date. vVe find all along the flanks of the
mountains, and high up in t,h e valleys of the ravines opening into this
basin, groups of strata hundreds of feet in thickness, which are doubtless
of fresh-water origin, dating back into the pliocene or upper tertiary
period. Then these beds have been disturbed by the elevations of the
mountains, showing that while these ranges formed shore lines for the
lakes of this period, they did not reach their present height until after
the deposition of these tertiary beds. Resting upon them, and apparently deposited after the upheaval movements had ceased, are heavy
beds of sand and gravel, and the flanks of the mountains all around the
valley, as well as the sides of the mountains in the. islands of the lake,
reveal numerous water lines, showing most clearly the elevations to
which the waters of the lake must have reached in later geological times.
We can hardly suppose that during these periods the waters here were
sufficiently salt to differ from the other lakes in theWest. I am inclined
to the belief, therefore, that the saline materials of a vast area have been
concentrated by time into the basin now occupied by Salt Lake, and
that it is owing to its partial evaporation that its water is become so salt.
Let us for a moment take a bird's-eye view of the great inland basin
of which Salt Lake Valley forms only a part. We shall find that what
is termed the Great Basin of the West comprises the vast area inclosed
by the Wasatch Mountains on the east, and the Sierra Nevada on the
west, the crest or water divide of the Columbia on the north, and that
of the Colorado on the south. We shall also observe that this great
region has no visible outlet; that it is composed of a multitude of
smaller basins or valleys, each of which has its little lakes, springs, and
water-courses, their surplus water either evaporating or sinking beneath
the surface. If we examine the elevations in this region, we observe a
wonderful uniformity in the surface of the valleys, and find that none
of them are much above the level of the waters of Great Salt Lake. As
Captain Stansbury has remarked:
These plains are but little elevated above the present level of the lake, and have,
beyond question, at one time formed a part of it; an elevation of but a few feet above
the present level of the lake would float this entire flat to a great distance, thus forming
a vast inland sea.

It seems probable, also, that at a comparatively modern period the
briuy waters spread out over a much larger area than at present,
for both Fremont and Stansbury make frequent mention of large tracts
covered with an incrustation of salt. The latter, in describing the broad
plain country to the west of Great Salt Lake, says:
The first part of the plain consisted simply of dried mud, with small crystals of salt
scattered thickly over the surface. Crossing this, we came upon another port.i on of it,
three miles in widt.h, where the ground was entirely covered with a thin layer of salt
in a state of deliquescence, and of so soft a consistence that the feet of our mules sank
at every step into the mud beneath. But we soon came upon a portion of the plain
where the salt lay in a solid state in one unbroken sheet, extending, apparently, to its
'yestern border. So firm and strong was this unique and snowy floor, that it sustained
the weight of. our entire train without in the least giving way or cracking beneath the
pressure. Our m11les walked upon it as upon a sheet of solid ice. The whole field wa.<~
crossed by a network of little ridges, project.ing about half an inch, as if the salt had
expanded in the process of crystalization. I estimated this field to be at least seven
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miles wide and ten miles in length. How much farther it extenc.lec.l northward I could
not tell, but if it covered the plain in that direction as it did where we crossed, i~s
extent must have been very much greater. The salt, which 'vas very pure and white,
averaged from one-half to three-fourths of an inch in thickness, and was equal in all
respects to our finest specimens for table use. Assuming these data, the qmmtity that
here lay upon the ground in one body, exclusive of that in a deliquescent state,
amounted to over four and a half millions of cubic yards, or about one hundred
millions of bushels.

Areas of greater or less extent, covered with this saline incrustation,
occur in numerous localities, so that we may infer that in all probability,
nt no very distant period in the past the salt lake extended either connectedly, or in isolated portions, over the greatt>r part of the Great
Basin.
It would be a most iilteresting subject to trace the history of this
wonderful lake far back in the geological past; from the records which
have been left in the sediments, I have obtained comparatively few facts
as yet, but they seem to be quite conclusive, and I believe that each
successive step in the changes which this great region has undergone can
be interpreted with accuracy from the records left in the surface deposits,
if they could be studied in detail.
One of the most conspicuous features in this basin, is the system of
terraces or benches which borders the valle's as well as the streams.
These terraces seem to form an independent system in this basin, clisconnected, both in regard to time anu the causes that produce them, from
those so well known along the l\iissouri and Columbia Rivers.
Not only do they seem to be universal over this great basin, but they
are all of about the same level. I have never obserYed more than two or
three of these benches well defined, but Captain Stansbury speaks of
counting thirteen successive terraces at the northern end of the lake, the
highest about two hundred feet above the valley.
In volume II of the Pacific Railroad Reports, page 97, there is a most
interesting note in regard to these remarkable shore lines, which I am
sure will be as instructive to those who may read this volume as it ha~
been to me:
The old shore lines existing in the vicinity of the Great Salt Lake present an interesting study. Some of tllom are elevated but a, few feet (from five to twenty) above the
present level of the lrtke, and are as distinct and well defined as its present beaches, whilst
their magnitude and smoothly-worn forms as unmistakably indicate the levels which
the waters maintained at their respective formations for very considerable periods.
In the Tuilla Valley, at the south end of the lake, they are so remarkably distinct
and peculiar in form and position that they attracted the attention of the least-informed
teamsters of my party, to whom they appeared artificial. From these beaches the Tuilla.
Valley ascends gradually toward the south, and in 3. few miles becomes blocked up by
a cross range of mountains, with passages at either side, leading, however, over quite
as remarl\aule beaches, into what is known to the Mormons as Rush Valley, in which
there are still small lakes or ponds, once doubtless forming part of the Great Salt Lake.
'l'he recessions of the waters of the lake from the beaches at these comparatively
slight elevations must have taken place within a very modern geological period, and
the volume of the water of the lake at each subsidence-by whatever cause produced,
whether gradual or spasmodic-seems as plainly to have been diminished; for its present volume is not sufficient to form a lake of even two or three feet in depth over the
area indicated by these shores, and, if existing, would be annually driec.l. up during the
summer.
These banks are not peculiar to the vicinity of this lake of the basin, but were observed ncar the lakes in Franklin Valley, and will probably be found near other lakes,
and in the numerous smnll IJasins which, united, form the Great Basin. They clearly
seem to have beeu formed and left dry within a period so recent that it would seem impossible for the waters which formed them to have escaped into the sea, either by great
convulsions opening passages for them, or by the gradual breaking up of the distant
shore, (rim of the basin,) thus draining them off, without leaving abundant records of
the escaping waters, as legible at least as the old shores they formed.
But high auove these c.liminutive banks of recent date are seen, on the mountains to
t,he east, srmth, and west, and on the islands of Great Salt La'ke, formations preserving
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apparently a uniform elevation as far as the eye can extend-forma.tions which, hastily
exa,mi:ued, seem uo less unmistakably than the former to indicate their shore origin.
They are eleva,ted from two hundred or three hundred to six hundred or eight hundred
feet above the present lake, and may on ca,reful examination afford the means of determining the character of the sea uy which they were formed, whether an internal
one, subsequently dmined off by the breaking or wc:1ring away of the rim of the basin,
or an arm of the main sea, which with the continent has been eleva,ted to its present
position and drained by the successive steps indicated by these shores.

These terraces seem to be a marked feature of the valleys of streams
on both sides of the Rocky Mountains. In the valleys of the Missouri
Hiver and· its tributaries, even the smallest branch, they are to ·be seen
more or less conspicuous. Professor Dana describes them with much
care, as universal on the Pacific coast. So far as those terraces are concerned which occur on the Pacific coast and the eastern slope of tlw
Rocky Mountains, I believe they have a common origin ; bnt the terraces of this great inland basin1p.ight be synchronous or quite independent of the others. Still, as both must have been formed near the close
of the quarternary period, constituting the last act in the drama, we
might consider them all as having a common origin. If we were to examine the whole countr~ west of the Mississippi, the broad plains of the
eastern slope rising gradually to the foot of the mountains and to the
very summits of the loftiest ranges, descend into the plains on the opposite side, and explore the valleys of the inland streams, the parks and uasius, we shall find everywhere, to a greater or lesser extent, the proofs of a
very modern drift deposit, or tliat among the latest events in the geographical ~istory of our continent is the evidence that it was nearly or
quite submerged with water. Some of the highest peaks may have projected above the almost universal sea of waters; but the tops of the
highest mountains, as the Wind River, Big Horn, Uinta, show the drift
boulders at an elevation of twelve thousand feet above the sea. So far
as my own observations are concerned, all the evidences I have been able
to detect show that the superficial or quarternary deposits of the \Vest are
oflocal origin. In the vicinity of the mountain ranges the proofs of the
origin of the vast mass of the boulder drift is very apparent. The bills at
the base of the mountains are often covered with masses of rocks, usually
out slightly worn. And as we recede from the mountains these rocks
become smaller and moce worn, until far out in the plains they are reduced to mere pebbles. But it is in the inland plains and parks, as
Laramie Plains, the Great Salt Lake Basin, North, l\1iddle, and South
Parks, &c., that the greatest exhibition of this local drift action is best
shown. In the Missouri Valley, and especially north in Minnesota and
Dakota, these stray masses are scattered in the greatest profusion all
over the surface of those broad 7 treeless plains. The character of the
rocks themselves shows that they came from the mountains. Sometimes
these rocks are strewn in belts across the country, taking a uniform
direction. North of the Missouri River, from the Big Sioux River to
.Fort Clark, there are districts where one might walk for miles across
the plains and over the bills without stepping upon the ground, so
closel.r paved is it with worn or partially-worn boulders. The celebrated Uoteau de Prairie was no doubt outlined by these drift forces, and
scattered over the hills are masses of these r~cks. The accompanying
figure 17 will convey an idea of a strip of country which forms a sort of
water divide between the drainage of the Missouri, Mississippi, and the
Red River of the North .
.As we have preViously remarked, we believe that the quaternary
period, although more diffieult to study, will be found to be scarcely
second in importanc~ to any of the previous great epochs in geology .
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A careful study of these modern deposits will undou.btedly show consecutiYe links by which it was united to the tertiary period, in the same
manner as the cretaceous and tertiary are connected in the case of
Fig. 17.

Coteau des Prairies, on the Missouri.

the great tertiar~ lake now indicated by the deposits on White and
Niobrara Rivers, In Nebraska, in which the waters continued to cover a.
greater or less area through most of the quaternary period, at least,
as is shown by the thick deposits of fine sand, with bones of mammals
and shells of existing species, on J.Joup Fork and its tributaries. The
same may be said of the bluff deposit, or loess, which is so well displayed
along the Missouri from Fort Pierre down below St. Louis, and, probably,
to tbe Gulf of Mexico. At a modern period it is probable that the
waters of the ocean swept high up inland, reaching nearly to the foot of
the mountains. The great water-courses had already been marked out,
consequently we find the yellow marl or loess fifty to one hundred and fifty
feet thick in tlw immediate valley of the Missouri, but thinning out as we
recede from it, or the valleys of any of its branches. The existence of
so many fresh-water mollusca and the entire absence of any marine
forms indicate that the waters of the Mississippi and Missouri were
either cut off from the direct access to the sea, or that the influx of such
a vast quantity of fresh water as must have flowed down from the
mountain districts rendered completely fresh the inland portions.
We may suppose the temperature just prior to the present period to have
been extremely low, and that the elevated portions of the West were
covered with vast masses of snow and ice; that as the temperature became warmer thi~ snow and ice melted, producing such an accession to
the already existing waters that they covered all the country, exeepting, perhaps, the summits of the highest peaks; that masses of ice filled
with fragments of rocks, worn and unworn, floated off into this great
sea, and melting, scattered the contents over the hills and plains below;
that as the waters diminished these masses of ice would accumulate on
the summits of the foot-hills of the mountains, or at certain localities in
the plains; and thus account for the great local accumulations of stray
rocks at certain places. The materials, also, which must have been removed from all portions of the West drained by the Missouri and its
tributaries by surface denudation, as is illustrated by the " bad lands,"
&c., were also swept into this vast inland lake, and then, carried beyond
the reach of currents, would settle quietly to the bottom, almost without lines of stratification, as we observe in the loess. The last act was
the recession of these waters to their present position, and the formation of the terraces. We believe the terraces constitute the last change
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of any importance in the surface of the western continent. We suppose
that the channels of all the stream~ on the eastern slope of the Rocky
Mountains were at one time occupied with water from hill to hill, and
that the drainage was toward the sea. But in the Great Basin, which,
so far as we know, has no outlet, the drainage must have ~een by evaporation, for the evidence points to the conclusion that it was entirely
filled with water high up on the sides of the mountains. There is
greater uniformity in the terraces in the Great Basin than in the valley
of the Missouri, which indicates a far more equable drainage. Still,
those along the flanks of the Wasatch .M ountains number two or three
principal ones, but these formations separate into five or six; and Stansbury mentions one locality where there are ten or twelve of"them. In
the Missouri Valley, and along the eastern slope generally, the terraces
vary much in height and importance.
J1""'ig. 18 shows the peculiar form of the main terrace·as shown on the
Missouri River, just above Omaha.
Fig. 18.

The distant hills are composed of the yellow marl or loess, and the
surface has be~n weathered into the rounded, conical bills. This portion is often covered with the drift or stray rocks, or what I have called
in a former report the erratic block deposit. On the terraces these erratic
masses are scarcely ever found, and in the broad bottomsoftheMissouri
River seldom if ever. This fact strengthens tbe opinion that the terraces
are really one of the latest features, and that they were formed during
the drainage of the waters toward the sea after the temperature had
reached nearly its present state. Oscillations of level may have contributed somewhat to the formation of the terraces, but I am inclined to
believe that the drainage or the contraction of the waters is the main
cause. This is an important point, and I hope hereafter to treat it more
fully when I have accumulated a greater number of facts. It has been
my belief for years, that not only the Missouri River, but all the
branches, from the largest river, like the Yellowstone or Platte, that
flowed into it, to the smallest creek, that has cut its canon deep into
the sides of the mountains, were once filled with water from side to
side, but have gradually shrunk to their present diminutiYe proportions.
All over the ""\Yest are large, dry beds which must have at one time
given passage to vast bodies of water. The flanks of the mountains,
from the north line to Mexico 7 are gashed with gullies or c~nons 7 many
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of which are now dry as the dusty road for the greater portion of the
year. I mention some of these details here simply to show how closely
the story of the physical growth of our western continent is linked
together, and that it needs only the careful,. conscientious grouping
together of the facts to secure this history step by step from the earliest
commencement to the present time, and mold it into one harmonious
whole.
CHAPTER XIV.
OBSERVATIONS ON MINES-ANALYSES OF COALS, ORES, AND SALTS.

Although many valuable observations have been made in regard to
the gold and silver mines of the West, I shall not attempt to present
them in detail at this· time. The elaborate and elegantly illustrated
" Report on Mining Industry," prepared under the direction of Mr.
Clarence King, United States geologist of the 40th parallel, about to be
issued from the Public Printing Office, covers this ground far more
efficiently than my incidental labors could do. Mr. R. W. Raymond is
making a series of valuable reports as United States Commissioner of
Mining Statistics, and the one already published for the years 1869-'70
is quite exhaustive, and to these works the reader is referred. The
latter report contains an excellent and lengthy statement of the condition of the mines of the Sweetwater district. In the preceding pages
some information is given in regard to those mines, and in this chapter
a few additional notes, taken by Mr. A. L. Ford, mineralogist of the
survey, will be of interest.
.
The object of this survey is to study the mineral regions more in
reference to their geological relations than with any special practical
end in view.
In a previous report the remarkable parallelism of the lodes was a1lude<l to, and an attempt was made to show that this fact is only one link
in a chain offac~ which may yet serye to unite the physical history of the
mountain regions of the West together. Hundreds of observations
were taken the past season, which serve to show the definite direction
of the two principal sets of fissures or clefts. The unity of the origin
of all these fissures, whether they assume the form of mineral lodes,
dikes, or lines of fracture of mountain ranges, is a thought around which
I wish to cluster all the facts that can be secured. Hereafter all these
Fig.19.
observations will be carefully sifted, and
those which seem to contain the elements
of truth will be found valuable.
In this connection, two illustrations of
these fissures may be introduced, which
will be of interest. They are made by the
Jewett line relief process, and are very
excellent. One of them presents a fine
section of the well-known Gregory lode
at Central City. This fissure has a strike
about northeast and southwest. The
country rock is true gneiss, while the
gangue of th~ lode is mostly feldspar and Gregory Lode, central City, .
quartz. So far as the history of its mincoLon.aDo.
eral contents is concerned, it is so weD known that I need not descrihe
it, and the cut will explain itself~
12 G
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The dike is in the same mountain, not more than three hundred y::t.rds
from the Gregory lode. It is exposed by an artificial cut for a road up
Fig. 20.
the side of the mountain, and but for
this circumstance would not have
been visible from the surface. It is
vertical, twenty feet high, and three
to four feet wide. The materials inclosed in the dike are evidently very
old basalt, yellow buff color, with
cavities filled with decomposed feldspar. The country rock does not appear to have suffered changes, but the
~ lines of bedding are ent,i rely inter~ rupted, and curved upward.
:-...
The following notes on the Sweetwater :Mines were taken by :Mr. Arthur L. Ford, the mineralogist of the
expedition :
Dyke near Central City
Oariso Mines.- Worked by Mr.
' coLoRADo.
'
Roberts, of South Pass City. Shaft
one hundred and forty feet dee~, sunk in vein of very refractory quartzite averaging four and one-half feet in thickness; strike of vein northwest and southeast, with dip of 70o to northeast. Cap rock and wall
rock consist of tough gneissoid slate containing a little free gold, and
occasionally showing a few small cubes of iron pyrites. The gold containing the quartz is very finely disseminated, but is "free" and very
pure, and hence easily amalgamated; it contains about one-half ounee of
silver. About four tons of ore are being taken out daily, with an average
;yield of $75 per ton, and sometimes doubling that amount. The quartz
is of remarkably even quality, seldom falling much below the average
yield. Mr. Roberts estimates the gold already produced to amount to
about $75,000. The mine makes very little water, about eight or ten
buckets being taken out hourty.
Young America Mine-Mr. Incath, manager. On same lode as the
Cariso ; quartz contains considerable disseminated oxide of iron, but is
not on that account less refractory. Ore averages about $23 per ton-not
visited.
East End Mine-On Miner's Delight lode, Mr. A. C. Basey, manager.
Shaft sunk sixty feet, through slightly laminated, easily-worked quartz
of varying color, that having a clear blue tinge supposed to be the best,
especially if breaking easily into lamina of from one to one and onehalf inches in thickness. Strike of vein northwest and southeast, with
dip nearly perpendicular. Vein, like the Cariso, conforms with the
gneissoid slates which form the wall rock, and which are supplanted
toward the surface by a porphyritic gneiss holding small quantities of
gold and overlying the vein, though not forming a true cap rock. Very
small traces of pyrites are contained in both wall rock and quartz. All
gold, however, seems to be full. Seven tons per day of ore were being
taken out by hand labor, ore averaging $20 per ton. Gold not so pure
as that of Cariso, though very bright and easily amalgamated. A great
deal of the gold is in flakes of considerable size, especially between the
lamina of the quartz. The quartz is so soft that no blasting is Jleeded.
A good deal of moss agate occurs in the vein, noticeable when the quartz
is clear.
Minm·'s Delight ]}fine-Just west of preceding; the claims join. Lode
.is the same, but pinches to an average width of two feet. Vein stopped
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down eighty-five feet, ore averaging $35 per ton. Mine not in operation at present, as buildings and machinery are in course of erection.
The superintendent expects to take out fifteen tons per day.
Young Canadian Mine-One-quarter of a mile west of the preceding.
Shaft sunk eighty feet through barren lode before reaching pay streak,
which was struck only two or three days before the mine was visited. The
ore had not been assayed, but was pronounced by all miners in the ·vicinity to far exceed in richness any ore yet discovered in the neighborhood.
THE COALS OF THE ROCKY MOUNTAINS.*

The coals of the portion of our continent lying west of the l\Iissouri
River are only just beginning to attract that attention which their im-·
portance deserves. In the works heretofore publi~hed on the coal-fields
of the United States, they have been almost neglected, and even in
Dana's last compendious work on mineralogy, he disposes of them ·with
the remark that "tertiary coal occurs on the Cowlitz in Oregon and in
many places on the eastern slopes of the Rocky l\iountains, where a
'lignite formation' is very widely distributed; but it is rarely in be<ls of
economical importance." In his enumeration of the coal-fields of the
United States he mentions the Appalachian, the lllinois, the Rhode
Island, and the Michigan basins. To the f'ormer two he accords an area
of one hundred and twenty thousand square ,miles; to the latter fi,~e
thousand square miles; while the area of the Rhode Island basin is left
out of the account altogether; the total coal area of the United States
being given as about one hundred and twenty-five thousand square miles.
But besides these four basins there are the Eastern and Middle Rocky
J-"'ountain, the 1\ionte Diablo, and the Oregon and Alaska beds to be
considered. Those beds which occur on the east flank of the Rocky
l\Iountains have been followed for five hundred miles and more, north and
south; and if it be true that these are "fragments of one great basin,
interrupted here and there by the upheaval of mountain chains, or concealed by the deposition of newer formations,"t then their extension
east and west, or from the eastern range of the Rocky 1\iountains or
Black Hills to Weber Canon, where an excellent coal is mined, will fall
but little short of five hundred miles. Throughout this extent these beds
of coal are found between the upper cretaceous and lower tertiary, (or
in the transition beds of IIayden,) wherever these transition beds occur,
whether on the extreme flanks or in the valleys and parks between the
numerous mountain ranges. Assuming that the eroding agencies together have cut off one-half of the coal from this area, and taking onehalf of the remainder as their average longitudinal extent, we have over
fifty thousand square miles of coal-lands, accounting the latitudinal extent as only five hundred miles; whereas we have no reason to believe
that it terminates within these bonl}ds, but on the contrary good reason
for suppOsing that it extends northward far into Canada and southward with the Cordilleras. All this territory has been omitted in the
estimate of the extent of our coal-fields.
Classification of coals.

The best classification of the coals is that of Professor Rogers in the
second volume of his report on the geology of Pennsylvania.
* By Persifor Frazier, jr.
tH:1yden's Report on Geology of Colorado midNew Mexico.

180

GEOLOGICAL SURVEY OF THE TERRITORIES.

The basis of this division is partly chemical and partly structural, the
genera being derived from differences in chemical constitution, while
the species are made with reference to the physical properties of the
coals. Thus he separates all coals into1. Anthracites containing 2 to 10 per cent. of gaseous matter, of
which 1 to 2 per cent. is water; ash in any ratio; specific gra v.I.
ity 1.50.
.
{ 2. Semi-anthracites containing 7 to 8 per cent. of volatile combustible matter; does not intumesce.
( l. Bituminous; carbon, 52 to 84 per cent.; volatile substances 16
1
to 48 per cent.; ash, 2 to 20 per cent.; specific gravity, 1.269.
II. 2. Semi-bituminous; volatile substances more than 11 to 12 per
cent. and less than 18 per cent.
Hydrogenous; volatile substances, 30 to 70 per cent.; specific
III. {
gravity, 1.272.
These varieties are further split up, in the case of bituminous, into 1a,
caking coal; 1b, cherry coal; and 1c, splint coal. The semi-bituminous
into 2a, semi-bitumi.nous cherry coal; and 2b, semi-bituminous splint
coal. The hydrogenous, 1, cannel coals ; 2, hydrogenous shaly coals,
(Torbanebill, &c.;) and, 3, asphaltic coal, (Albert mine.)
This classification takes no account of the age of the coals, but merely
considers the nature of the mineral. Accordingly it will be found convenient of application to coals about whose age there is yet some difference of opinion among geologists.

1

Mode of occurrence.

The coal of the Rocky Mountains is distributed along their flanks
as several leaves in the great book of folded strata and invariably
in the transition beds or between the tertiary and cretaceous. Nowhere in the world is there such a vast development of the recent
coal measures, and in few places is their existence more necessary
to the advancement and improvement of the region in which they occur.
They lie regularly and in the main quite horizontally, though close to
the mountain the beds are naturally tilted. The coals are called variously lignites, brown, _semi-bituminous and bituminous, though from
their chemical constitution they ally themselves much more nearly with
the latter. They are distinguished by their cleavage planes, which latter
are nearly perpendicular to the planes of lamination and to each other,
and give to the coal (which is usually friable) a stair form structure,
almost resembling the crystallization of some clusters of iron pyrites.
It is hardly worth while to say that these coals differ in different local·
ities as to general structure and chemical composition.
It would be an exceedingly interesting piece of work to follow up
those beds from their easternmost -outcrop westward and to seek to
identify them in their different plications. Paleontologically these coals,
containing almost exclusively plant fossils, comparatively few shells
have been discovered, and those of species which leave the real question
of " cretaceous or tertiary" undecided.
The great mass of the fossils
are of deciduous leaves, very much resembling now existing varieties.
Broad leaves like ·the oaks and even nuts transformed into dull red
sandstone (San Lazaro) (in one case showing the kernel and shell beautifully distinct from each other, where a fracture of the latter bad exposed the former to view) are met with in the drab clay and more especially in some dark-colored sandstones near the coal. Here, almost on
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the threshold of our own era, the conditions are similar in many respects
to those which produced the long ago carboniferous age; the same
great cretaceous sand formation ushering in the coal as the Pennsylvania
No. 10 did the false coal measures and the great conglomerate the real
ones. Here also we see mammoth veins and small veins, indicating a
longer or shorter period of deposition or a greater or less activity in
vegetable growth. Here, too, anthracites and semi-anthracites have been
reported, but occupying areas much more geographically restricted than
is the case in Pennsylvania. .And stranger than all, here, too, are oil
wells, apparently the product of this same coal age, but whose supply
bas trickled through the loose cretaceous and Jurassic formations and
found lodgment only in the impervious triassic beds, perhaps on the
granite itself. It has been stated above that these coals belong in the
main to the class of tl;t.e bituminous coals, both by right of their chemical
constitution and their physical properties. .All the specimens, from whatever quarter, which were obtained by your expedition belong to the bituminous class~ so that the inference seems fair that only the middle member
of the Pennsylvania series of anthracite, semi-anthracite, semi-bituminous,
bituminous, and hydrogenous are represented to any extent in this portion of the Rocky Mountains. On the other hand Dr. LeConte, in his
report, mentions a true anthracite, (88 to 91 per centum of fixed carbon,)
and Hollister in his "Mines of Colorado," (tile mineralogical part of
which was written by lVfr. J . .Alden Smith) speaks of albertine coal as
occurring in certain parts of western Colorado. .Albertine coal (or solidified petroleum, as it is sometimes improperly called) is one of the most
hydrogenous coals known, aJd if it really exists, as Professor D.ento1;1 ~f
l\fassachusetts asserts it does in White River in West Colorado, the
extremes and middle members of the series are to be found west of the
Missouri. Still the general character of these coals is bituminous. The
following are some analyses of them.
Bituminous coal from Old Placer :JJ.ines, San Lazaro JJ!ountains, New
..llfexico.-This coal differs in appearance from all other coals found on
the flanks of the Rocky l\fountains, both in color and fracture. The
former is jet black sxcept on the conchoidal cleavage surfaces, where
the half metallic bronze lustre, similar to that of the anthracites, is
observable. Fracture conchoidal and uneven, splintery; specific gravity
less than that of the Pennsylvania anthracites.
Milligram.

'Vcigb t in air of specimen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. • • . . .. . • . .
'Veight in water with plat wire after boiling . . .. .. . .. .. . .. .. . . .. . .. .. .. .. ..
\Veight of wire 7 milligrams, allowing for 1 milligram loss of weight of plat
wire in water, 6 milligrams...... . .. .. . .. .. .. . . .. .. .. .. .. . .. .. . .. .. .. • .. .
338.6-104.0=234.6.
338.6-:-234.6=1,443.3 specific gravity.
First analysis :

338. 6
110. 0
104. 0

Per cent.

Water and volatile substances ............................................ .
Ash ...........•....... _........... _.. _.....•.•.•.... ___ ..... _......... __ .
Fixed carbon ............................................................ .

22.0
8.2
69.8

Total ..••.•.•....•.•....................• _...••.••.•••...••••...••..

100.0

Second analysis :
'Vater .................•....•....•......•....•.•...•••.......••...........
Volatile substances ........................................................ .
Ash .. __ .. _••..•..•. __ ....•....•. _... _... _ ..•••..•..........• _.. _.... _.•. _
Fixed carbon ......•..•....•... _........• _..............•..•......... _. _...

3.0
21.0

Total .•••••.••.•............•..••................•....•.....•.......

100.0

7.5
68.5
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Third analysis :
Per cent.

W n.ter ___ . .. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .
Volatile substn.nces ..................................... --··--·· ...... ......
Ash. _.. _.......................•.......... _. . . . . . . . . . . • . . . . . . . . . . . • . . . . . . .
Fixed carbon................................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

22.0
7. 5

3. 0

Total . . . . . . . . • . . . . • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . .

100. 0

Fourth analysis:
vVn.ter and volatile substances.............................................
Ash ...... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fixed carbon...... . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .

22.0
7. 5
70. 5

Total ............... ~.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . .

100. 0

Fifth analysis :
Water and volatile substances..............................................
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Carbon ...........................••.•........................ -·-· .... ....

23.0
7. 5

Total ............ _.. _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

100. 0

.,. Sixth analysis, (F. P. :)
\Vater ......... _ . __ . _. . . . . . . . . • • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . . . . . . . .
Volatile substances.... . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . .. . . ..
Ash. _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fixed carbon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • • . . . . . .

2. 25
20. 75
6. 40
70. 60

Total . . . . . . . . • . . . . . . . . . . . . • . . . . . . • . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . .

100. 00

Seventh analysis, (F. P. :)
\Vater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .
VolatRe substances........................................................
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fixed carbon...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3. 75
21.25
6. 00
68. 00

Total .............•.................... ,............................

100.00

Average of seven analyses :
\·Vater . _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . . . . . . .
Volatile substances.........................................................
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fixed carbon.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3. 00
20.85
7. 23
69. 09

Total ........................ :......................................

100.17

67. 5

69.5

Of sulphur 0.72 per cent. was obtained.

Bitwninous coal from JJ1arshall's propm·ty near Boulder City, Colorado
Ten·itory.-This coal is black, (in powder dark brown,) and when exposed to the atmosphere friable, as are all of these tertiary coals. Its fi'acture is conchoidal and the luster of the smooth surfaces of fracture
resinous.
Specific grn.vity . __ . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . .
1. 412
in air ....... _.............................................. -...... 595. 06
\\Teight in \Vater .......................................•.................. 173.08
\\~eight

First analysis :

Per cent.
16.00
38.00
Volatile substances ....................... :: ..... ......................... .
4.2.00
Fixed carbon ............................................................. .
Ash ................. ___ . _ . ___ ... ___ .. _.. __ . . __ .. _....... _ . __ ... _. _.... ___ _
4.00

\V n.ter ........................••••••......................................

Total . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
*The analyses marked F. P. were made by Mr. Franklin Platt, jr.

100. 00
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Per cent.

Second analysis :
Water and volatile substances ....•..........•...••....•.............•......
Ash ... - ..................................... - . . . ........................ .
Fixed carbon ............................................................ .

54.00
4.00
42.00

Total.. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

100. 00

Third analysis :
"\Vater ...... _......•...................................••...... _......... .
Volatile substances .......•.....•..........................................
Ash ..............•............... _......... _. _.. _..... _......... _..... _..
l'' ixed carbon .......•.................•...•.....•.... - ..•..........•• ·•.....

16.00
38.00
4.50
41.50

Total ....•..........•..•.......••... - - - .... - -. - ... -- . -- -....... - - .•.

100.00

Fourth analysis :
Water .............•.................. _................................•.•
Volatile substances................... . .................................. .
Ash ...............••..•..•..•..•••.......................................
Fixed carbon ............................................................ .

16.00
38.00
5.00
41.00

Total...............................................................

100.00

Fifth analysis :
"\Vater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . .
Volatile substances...... . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .. . . . . . . ..
:Fixed carbon ................................................. ~.... . . . . . . . .
Ash . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . • . . . . . . .

16. 00
38. 00
41. 00
5. 00

Total...............................................................

100.00

Average of five analyses :
V\T ater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . • . . . . . . . . . . . . . • . . . . . • . .
Volatile substances........................................................
Ash .. : . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fixed carbon ...........•.•........... . ....... _.. . . . . . . . . . . . . . . . . . . . . . . . . . .

16. 00
38.00
4. 50
41. 50

Total ...........•....- . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . .

100. 00

Bituminous coal jrorn Spriggs's ..11Iine, Weber Canon, Utah Territory.
Water and volatile substances . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . .
Ash. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fixed carbon ...•..•...... : . ....•...........•...................... : . . . . . . .

50. 80

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . . . . . . . . .

100. 00

3. GO
45. 60

Bituminous coal frorn Evanstown, Union Pacific Railroad.-This coal
is black, (even in powder,) has a highly resinous luster, and a fracture
like the other coals of this class, irregular and conchoidal. It appears
better able to resist the action of the atmosphere than the other tertiary
coals examined, and is not nearly so fr-iable. Its specific gravity is 1.341.
First analysis :
Water . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Volatile substances...... . . . . . . . • . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . .. . . . .
Ash...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fixed carbon .. ............................... :. . • • • . . . . . • . . . . . . . . . . . . . . . . . .

Per cent.

6. 00
38. 00

7. 50
49. 50
100.00

Second analysis :
"\Vater .......................•...•.•• _-...... . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .
Volatile substances.............................................. . . . . . . . . . .

5. 50
37. 00
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Per cent.

Ash .......•...........................•................................ ". .
li'ixed carbon.... . . . .. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . • . . . . . . . . . . . . . .

7. 70
49. 80
100.00

Third analysis, F. P. :
Water ....................•..•...........••..•..•••....••......·. . . . • • . . . . .
Volatile substances.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . .
Ash ....................•... -. . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . .
Carbon...................................................................

6. 00
37. 00
7. GO
40.40

100.00
Average of three analyses :
Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . .
Volatile substances .........•........... .. ........•........... -~----........
Ash. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . .
:Fixed carbon .......•...••........•............ --~--- .....·.................

5. 83
37.40
7. 46
49.50

100.19

Coal front Elko.-.A. lignite of light-brown color and low specific
gravity, possessing the feel and much of the appearance of wood ; is
tough and tenacious when pounded or rubbed in a mortar. It is filled
with minute specks, of metallic color and luster.
·
As the coal had been kept a long time in a warm room, and had therefore altered in respect to its percentage of water, this and tbe volatile
substances were determined together.. .A. fresh specimen would probably contain from 7 to 10 per cent. water.
Pe'l.' cent.

Water and volatile substances ............................................. .
Carbon ..........................................................•... _.... .
.r\sh ...................•..................................................
Sulphur ................................................................. .

63.50
22.00
14.50
0.82
100.82

Ash is of a pure gray color, a fine dust-like powder, containing but a
small percentage of soluble salts.
I own coals.-From specimens of coal sent by ~1r. Miller, of the Omaha
Herald, from Des Moines and Ottumwa, Iowa, the following analyses
were made, and may be interesting to compare with those of the Rocky
Mountain coals :
Per cent.

No. 1, (Ottumwa,) specific gravity, 1.327:
'Vater . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • • • . . . . . • . . . . .
Volatile substances.... . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . .
Ash ......... _. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fixed carbon. . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . • . . . . • • . . . . . . . . . . . . . .

12. 00
32. 00
12. 00
44. 00

Total . . . . • . . . . . . . . . • . . . . . . . . . . • • . . • . . . . . . . . • • • • . . . • . . . • . • • . . . . • . . . . .

100. 00

No.2, (Des Moines:)
Water . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . •
. Vol::1tile substances .............................•.......... -----·..........
Fixed carbon...... . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •• . . . . . . . .
Ash . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

7. 0
47.6
41. 4
40. 0

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . .

100. 0

Sulphur existed in both the specimens to the extent of, perhaps, 1 to.
2 per cent., but was not quantitively determined.

GEOLOGICAL SURVEY OF THE TERRITORIES.

185

Considerations affecting econornic value of these coals.

A coal to be of value in the arts and aR a domestic fuel should have
certain properties which render it e~y of transportation, not easily nor
deleteriously affected by weather or climate; should be capable of rapid
ignition, and of having its combustion regulated to suit the different
circumstances attending its employment; should be capable of raising
proportionately to its bulk and weight a large amount of water to the
state of vapor, and should contain within itself the least quantities of
such substances as by contact with the grate bars at a high heat would
injure them, or whose products of combustion are poisonous to vegetation, or to animal life, or are corrosive.
It follows from some of these conditions that the coal to be of the
greatest possible use must neither be crumbly nor so compact and tough
as to render its oxidation difficult by permitting a comparatively small
extent of coal surface to be brought in contact \vith the oxygen of tile
draught. Also, for the same reasons, it must not cake or run together
so as to exclude the air from its iuterior parts, nor pulverize whereby
much loss is sustained by the dust being carried through the flame and
up the chimney without being consumed. Then the cleavage of the coal
should be such that a large amount can be stored without waste of room
in the inter~tices between the lumps, for it is evident that more material
can be packed in a given space when the form of the separate pieces is
somewhat regular and the surfaces aro close together, than where each
lump touches the neighboring lump in only a few points, leaving an unoccupied space between their surfaces. It should be h~rd enough to
resist the grinding and pulverizing effect produced by motion as in the
bins of a steamer or the tender of a locomotive. In the article on the
subject in Professor Rogers's report on the geological survey of Pennsylvania, the author for many reasons leans to the belief that to tbe many
ecotwmic purposes the semi-bituminous coals are better adapted than
any others. From the blacksmith's forge and the smelting and roasting
furnace to the uses of the locomotive or the kitchen, the Rocky l\Iountain coals have been sufficiently proved in the last few years to answer
admirably all the requirements made of them. As it is not possible
to obtain all these good qualities in any single fuel, (see Rogers's
report,) the problem in every case is to select that which possesses the
greatest number of them. For instance, for railway purposes the coal
of the Real Dolores, though containing a higher percentage of :fixed carbon, is less valuable than some of the semi-bituminous coals, because it
is neither so easily ignited nor is its combustion so easily regulated,
whereas for domestic and all other purposes where tbe hard dry coals
are preferred. it is a most excellent fuel. Those coals which disintegrate
readily on exposure to the weather, (this includes most of the beds on
the ea~:~tern flanks of the Rocky Mountains, and in fact the majority of
the western coals everywhere,) are not so serviceable to the enginedriver (whatever their percentage of carbon may be) as others with
more ash and water but also more power of resistance to atmospheric
influences.
The examination of two samples of brown coal from Wyoming Territory, by the very able chemist, Dr. F. A Genth, of Philadelphia, will be
useful for comparison in this connection:
1. Coal from seven miles east of Cooper Station, on the old stage road, Laramie
Plains, Wyoming Territory, gave:
Per cent.

Moisture _.• _•. _____ .. ____ ... ___ •.• __ •...••••. _. __ . _•... _•.. _ . _. ___ •. _.. __ .
Volatile matter. __ •..••.•..••••.. _. __ ••••••. _••••.• _. _..•.•••••• _... __ . __ .•

9. 28
39. 12
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Carbon...................................................................
Ash, yellowish brown ...•...•.•........... __ ......... _. _...•....•....• ~.. .

47.04
4. 56
100.00

It contains 1.38 per cent. of sulphur, which is equal to 2.59 per cent. of pyrites.

A determination of the caloric power of this coal showed a reduction 2.2.20 parts of
lead from the oxide, by one part of coal, while pure carbon reduces 34 parts of lead.
2. Coal from Point of Rocks Station, North Pacific Railroad, Wyoming 'ferritory,
gave:
Per cent.

Moisture . . . . . . . . . . • . . • . . • • . . . .••••...••...................•..............
Volatile matter .......•.••..•.............................................
Carbon.... . ......•.....•.....•.•..••••.................•.........•.......
Ash, white ....•..•...•.............••••...••••.....•.....•................

8.54
30.60
52.34
8.52
100.00

It contains a very minute quantity of sulphur, only 0.04 per ce:at., which is equal to
0.075 per cent. pyrites. One part of this coal is capable of reducing 21.80 parts of lead
from the oxide.

t.rhe following notes present the results of actual experiments on our
different western coals, by Mr. Samuel Purnell, superintendent of the
Omaha Gas Works. It will be seen at a glance that their practical
character renders them worthy of attention. It is my wish to include
in these reports all the information possible that will be likely to prove
of practical interest to the West :
The results of the working of one ton of lignite, or Rocky Mountain coal, ·f rom
Evanston, Utah, in the Omaha Gas Works, are as follows:
Weight of coal used, 2,000 pounds; gas made, 7,400 cubic feet; time of charges 3t
hours; tested in clay retorts, at bright orange heat, (21 90° ;) candle power of the gas
at the works, 7 to 8; but will not carry its carbon in the street mains, burning blue in
the town; water produced from the coal, 20 gallons; tar produced, 1 gallon.
The gas possessed a most offensive sulphurous odor, which neither lime nor oxide of
iron purific::ttion would remove, and which was neutral to test papers. The residue in
the retorts, as coke, consisted of 12 bushels of earthy breeze, in small cubes, which,
when put in the furnace fires, smothered them. The coke is worthless for heating purposes. The coal is worthless for gas purposes.
Coal from Rock Springs, Wyoming, was also tested, and it is precisely similar.
I have carefully analyzed a sample of coal taken from a bed seven inches thick, nine
miles below Omaha, on the Omaha and Great Western Railroad.
Per cent.

Volatile matter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . .
Coke . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . .
Ash...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sulphur ....................................................................

42. 62
54. 88
11. 00
00.50
100.00

•

The coal is black, bituminous, and contains in small quantity sulphide of lime, sulphide of iron, and oxiue of iron. The coke is good, of moderate :firmness, and of bright
luster. By the sujoined table of comparative analyses, the coal is found to be almost
identical with the Missouri and Iowa coals.
Coal.

Volatile matter.

Omaha ............ __ ... ___ ... _. _........... _... __ .
Des Moines, Iowa ............................ _... . .
Ottumwa, Iowa .. ___ ............... _. . . . . . . . . . . . . . .
Frederick, Iowa....................................
Osage River, Missouri . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .
Rock River, Illinois ..................... _.. . . . . . . . .
Clarksburg, West Virginia..........................

42. 87
44. 00
44. 50
47.67
43. 50
44. 50
41.66

Coke.

Ash

46.13
47.50
44.57

11.00
8.50
10.93
10.00
5.34
10.00
1. 60

42.33
51.16
45.50
56.74
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ALKALI FROM PUNTIA PASS.*

The word alkali is used on the Plains to indicate a saline deposit
which covers often many miles of low, arid country, and appears in
streaks stretching far away in all directions and sometimes giving the
country the appearance of a plain covered by a sheet of snow. It is
Yery generally believed by the inhabitants that this alkali is the cause of
the sterility in connection with which it almost always occurs; but the
fact is that one circumstance favors its continuance upon the soil and
interferes with vegetation, and that is the want of rain. Any continuous rain would undo:tJ.btedly dissolve this material and carry it away in
the streams or through the subsoil. It is not quite certain that a soil
charged with the salts of which this alkali is composed would not furni~h more nutriment than another to certain kinds of growth. At all
events, where the experiment has been tried the plants have grown remarkably well upon it with proper treatment.
The probable origin of these deposits has been thought to be the
eYaporation of numerous shallow pools, perhaps left by the subsidence
of a large inland sea or system of lakes, and the analogy in chemical
constitution between this material and the deposit around the margins
of still-existing pools (like the Soda Lake, twelve miles from Den,Ter)
seems to bear out the hypothesis.
This alkali is a grayish-white deposit, mixed up with the dry roots
and stems of sage-brush and other vegetation, from which it derives
frequently a reddish-brown tinge. It is dry and efflorescent.
It has a decided alkaline and salty taste and low specific gravity.
It contains soda, lime, and magnesia, sulphuric acid, hydrochloric
acid, and a small quantity of nitric acid, and consists of sulphates of
soda, lime, and magnesia, chloride of sodium, and nitrate of soda.
SODA FROM SODA LAKE.
(12 miles from Denver, Colorado Territory.)

A white, efflorescent salt, falling to powder on exposure to the air, containing sulphate of soda, sulphate of lime, sulphate of magnesia, and
chloride of sodium.
Per cent.

Sulphate of soda . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . • • . • . . . • . . 63. R7
Sulphate of lime .....................•.....•...........•......•............. 9.70
\Yater of crystalization of the effloresence.... . . . . . . . . . . . . . . .. . . . . .. .. . . . . . . . . 21. 88
Chloride of sodium, sulphate of magnesia., &c.... . . . • .. . . • .. . .. . • .. . .. .. . . . . . 4. 55

t I inclose the results of the analysis of the specimens of alkali collected during last summer's survey of Wyoming Territory.
No. 1. From Alkaline Lake two miles east of Independence Rock, in
the Sweetwater Valley :
Per cent.

Sulphate of soda, (Na 0, S03) ................................................ 73.17
Chloride of sodium, (Na, Cl)...... .... ...... ...... ...... .... . .... .... .. ...... 3. 85
Carbonate ofsoda,t (by loss) ................................................. 22.98
100.00

*Prepared by Persifor Frazer, jr.
t Prepared by Arther L. Ford, mineralogist to the survey.
tOwing to this specimen's effervescing on being dissolved in water, it was imposl3ible to determine the proportion of carbonic acid, but the salt seems to have been a
sesquicarbonate, the whole specimen being probably identical with or similar to th~t
referred to by Dana in his mineralogy, under the head of Trona, as occurring near tl ~
Sweetwater River.
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No. 2. From alkaline effloresence on damp ground, seven miles west
of St. Mary's Station, in the Sweetwater Valley :
'
Per cent.

Sulphate of soda, (Na 0, S 03), to ...••.................•....•................ 88. 93
Chloride of sodium, (Na, Cl), to ....•....•.. ···-~······· ....•................. 11.63
100,56

No. 3. From deposit near Pacific Springs·:
Per cent.

Sulphate of soda, (Na 0, S 03) .•.•......••.....•...•.......••......•.......... 82.23
Chloride of sodium, (Na, Cl)...... . . . . . . . . . • . . . . . . • • . • . . . • . . . . . . • . . . . . . . . . . . . 3, 95
Carbonate of soda, (by loss) ...•.•...••....................................•.. 14. 82
100.00

No. 4. From deposit by evaporation of .Alkaline Pond, near Big Sandy
River.
No.4, (a.) From upper part of bank, where deposition commenced:
Per cent.

Sulphate of soda, (Na 0, S 03) ............................................... 64.65
Chloride of sodium (Na, Cl. .... ~ . . . . . . . . . . . . . . • • . . . . . . . • . . . . . . . • . • . . • . . . . . . . . 35. 46
100.11

No.4, (b.) Taking half way between upper and lower limit of deposit:
P~ra_lent.

Sulphate of soda, Na 0, S 03) .......•...........••........................... · 94.92
Chloride of sodium, (Na, Cl) ...•..............•.............................. 5.23
100.15

No.4, (c.) From lowest part of pond, when last deposition took place,
consists of slender orthorhombic prisms of pure sulphate of soda-shenardite:
Per cent.

Sulphate of soda, (Na 0, S 03) .................•............................ 100.00

All the specimens appear to be absolutely free from an:y salts of potassa, an examination by the spectroscope even failing to show the presence of that base.

PART

III.

REPORT OF PROFESSOR CYRUS THOMAS.
PART I.-AGRICULTURE.
PART II.-A LIST AND DESCRIPTIONS OF NEW SPECIES OF ORTHOPTERA,
WITH REMARKS ON THE C.ALOP1'ENUS SPRETUS, OR "HATEFUL
GRASSHOPPER."

REPORT.
DEAR SIR:. I herewith present a report of my investigations in regard
to the agricultural capacity of that part of the Rocky l\Iountain region
over which your operations as United States geologist have extended
during the past season. Although the immediate route of this expedition was confined principally to Wyoming Territory, I have, in accordance with your instructions, endeavored to complete my report on that
part of Colorado and New l\iexico examined in 186!). By ;your direction
I also visited the Salt Lake basin, and have added a short account of
that interesting section, including a few items concerning other portions
ofUtah.
,
At the risk of being somewhat monotonous by the repetition of similar details, I have endeavored to confine myself strictly within the limits of the subject upon which I have been required to report.
Instead of giving details in a journalistic form, which would have
amounted to little more than an itinerary, I have endeavored to follow out
as far as possible the plan pursued in my report of last year, deRcribing
the areas in these Territories drained by the large rivers, as separate districts. I have divided the entire region into two parts called '' divisions," one including the area east of the divide, between the waters of
the Atlantic and Pacific, and the other the area west of it. The eastern division contains five districts, corresponding with the Rio Graude,
.c\rkansas, South Platte, North Platte, and Wind Rivers. Tlw western
comprises the Green River District and Great Salt Lake basin.
I have attempted in most instances to make some estimate of the
amount of tillable lands in the different districts and sections.
As a matter of course I do not claim that these are anything more
than approximations, made in some instances upon slender data, yet
they are not mere guesses, but are made up from estimates of the smaller subdivisions and separate areas, and are, at least, near enough the
correct amounts to give a general idea of the agricultural value of the
difrerent districts and sections. Although I exclude from these estimates any probable future success and use of artesian wells, yet I include all possible present means of irrigation.
Respecting those parts of these sections which I was unable to visit
in person, I have endeavored to obt~~in the. most reliable information
possible.
Your operations during the past season have developed the fact that
in regions which have generally been considered sterile and unproductive, there are large areas of land which by proper efforts may be rendered tillable and made to produce useful crops.
In my investigations I have constantly looked forward to the construction of a map of these Territories which will show the comparative
extent and locality of the irrigable areas, the pastoral lands, and the
timbered sections. Such a mllp, accompanied by a condensed state ..
ment of all important facts connected therewith, would not only be of
great Yalue to those who contemplate remo-ving to the "\Vest, bnt would
be a valuable vade mecum for our public officers, Senators and Represen·
tatiYes, and the public generally.
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The subject of irrigation is one inseparably connected w1th the agricultural development of this section, aud deserves to be carefully studied. The time given for the preparation of this preliminary report has
been too short to enter upon a thorough discussion of it, but I have
added 8, few facts in my concluding remarks, in order to direct attention to the data needed in its investigation.
If you continue your surveys I would suggest the propriety of filling
up as rapidly as possible the vacuities in the data obtained in regard to
the sections already passed over. I am aware that you did not possess
the facilities for doing this in your previous expeditions, but the value of
your previous labors, so far as the agricultural investigations go, will be
very much enhanced by doing this. I allude to the measurement of the
principal streams, their descent, volume, velocity, &c., and the comparative altitude of the different levels and plains ·above the level of the
irrigating streams, by some instrument more accurate than the barometer.
I take pleasure in acknowledging my obligations to the citizens generally along our route, for information obtained from them, and especially to the officers and others at the military posts, for their uniform
kindness and willingness to assist me in my investigations. I am also
under obligations to the Denver Pacific and the Kansas Pacific Railroads, for passes over these roads and information furnished. Nor can
I refrain from mentioning the fact that I am indebted to Wm. N. Byers,
·esq., of Denver, and Dr. Latham, of Laramie Cit.y, for valuable material furnished me for this report.
·
I am aware this report bears marks of haste, and that it is far from
being complete, but trusting that it will prove-satisfactory,
I remain yours, very respectfully,
CYRUS THOMAS.
Professor F. V. HAYDEN,
United States Geologist.

PART I.-AGRICULTURE.
INTRODUCTION.

In studying the agricultural capacity of the vast Rocky Mountain
region and broad plains of the West, and calculating the probable
development of the same, it is necessary to lay aside, to a great extent,
all our ideas of agriculture based upon experience in the States. For
not only are the physical aspects of this portion of the West so different
from the eastern half of our country as to strike the most superficial
observer, but the climate is almost completely reversed, the thermometric and hygrometric conditions bearing no such relations to vegetation
and agriculture here as there.
Hence, the criteria by which we judge of the fertility and productiveness of the soil~ and of its adaptation to given products, (except, perhaps.
the strictly chemical test,) do not hold good here. The pale appearance
of the soil, the barren look and stunted growth of a spot, are by no means
conclusive evidences of its sterility, for the application of water may
show it to be rich in vegetative force. Plants whif\h are considered as
incompatible in other sections are often here found growing side by
side, while others usually associated are here never, or but seldom, found
together. Even the constants-latitude and elevation-cannot alwa,ys
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be taken as true indices of temperature and vegetable life, on account
of strong counteracting local influences. The temperature of a Yalley,
during the latter half of the summer and through autumn, may present
an average which would indicate a climate adapted to the prodaction
of even tender fruits; while a record of the temperature of the same
place, during the spring and the first half of the summer, would show a
very different average. And even a knowledge of this fact may not
thoroughly acquaint us with the climate and the agricultural capacity
of the place, as the presence of lofty mountains ncar by, witb snowcovered summits, may reduce the temperature of the nights \ery low as
compared with that of the day, and thus retard the growth of crops
which otherwise would mature and produce well. On the contrary, at
other points a lofty range may act as a wall against the cold winds, and
under its cover may be found nestling little valleys with a comparatively
mild climate. Nor are these imaginary cases, for I coul<l refer to nmnerous instances of each class.
Hence, I conclude that any attempt to generalize by talnng latitude
and elevation, or even the average annual temperature, would require
so many exceptions that the result would be of no practical value. Yet
these are bv no means to be excluded.
On account of the reasons given, and others equally potent which
might be mentioned~ the agricultural capacity of this region must be
studied from its own stand-point; and each section must be carefully
examiued. Otherwise we are very apt, from our experience in other
portions of the country, to form erroneous conclusions. Injustice, on
this account, is often done to this section by travelers who pass hastily
through it, along the railroad lines, judging of the fertility and pro~ ductiveness of a spot by comparing it with the rain-moistened laud of
the States. I recollect an incident which will serve to illustrate the
truth of this remark. Riding in the cars, along the slightly-elevated
bottom which flanked a little stream, lmt which, to the eye, had a very
barren appearance-being sparsely covered with "grease-wood" (Obione canescens) and little tufts of dry grass-! remarked to a passenger
that, notwithstanding its barren appearanee, this bottom could be irrigated from the stream and would produce good crops of wheat, oats,
barley, and the hardier vegetables. I could see that this remark provoked a ~mile of derision on the countenances of those in ear-shot. Yet
if they had gone a few miles from the road they could have seen my
assertion verified. But this erroneous idea stops not with the uninterested traveler, who is only anxious to reach the terminus of his journey ; .
even official documents, issuing from quarters we would have supposed
best informed, have sometimes too hastily and in too general terms condemned this vast area as sterile and desolate.
The following extracts from an opinion deliberately penned, even after
the extensive surveys of 1853 and 1854, will stand in strong contrast
with the evidences of to-day :
The concurring testimony of reliable observers had indicated that the second. division, or that called the sterile region, (the Plains), was so inferior in vegetation and
character of soil, a,nd so deficient in moisture, that jt. had received, and probably deserved, the name of desert. This opinion is confirmed by the results of recent explorations, which prove that the soil of the greater part of this region is, jrorn Us constituent
JJarts, necessm·ily ste1·ile j and that of the remainwg part, although well constituted for
fertility, is, from the absence of miniS at certain seasons, except where capa.ble of irrigation, as uncultivable :ind unproductive as the other. This geneml character of extreme sterility likewise belongs to the country embraced in the mountain region.

The writer then proceeds to sum up the areas susceptible of cultivation as follows: Near the route of the 47th parallel one thousand square
13 G
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miles; along the 41st and 38th parallels only the Great Salt I~ake basin,
estimated at one thousand one hundred and eight square miles; and
that in New 1\'fexico at seven hundred square miles.
Experiments made during the fifteen years which have elapsed since
the above was written, have shown that about one-third of the entire
amount of arable land mentioned ean be found in the little triangle between the South Platte a;nd the mountains, in Northern Colm·ado.
Startling as the statement may appear to those who have swept
across the continent along the barren-looking track of the Union Pacific
Railroad, I assert it as my .firm conviction that there are but few lands
in all this portion of the country which are really ~nproductive; that
wherever there is soil, if water can be applied to it, it will be found rich
in all the primary elements necessary to the production of useful crops
of some kind. Without water as a matter of course it cannot be made
to yield, and the crops produced will vary with the climate; but these
faets do not affect the position I take in regard to the primitive fertility
of the soil.
.
As I have heretofore stated that the tests of fertiiity in the rainmoistt>ned regions would not apply here, the question may be asked, Upon
what is the assertion based that this soil possesses the elements of productiveness~ Upon numerous experiments, the only means I know by
which I could have been convinced of the fact.
It is only after a careful examination of a vast number of experiments
made in New Mexico, Colorado, Wyoming, Utah, &c., that I am forced
to acknowledge what I before did not believe, viz: that wherever there
is soil in these regions, it is rich in the prima,ry elements of fertility.
Emory, in his '' Hecmmoissance in New .Mexico and California,'' speaking of the Moro Valley, says: "The plains were strewed with fragments of
brick-dust colored la\'a, scorim, anti slag; the hills to the lett capped
with white granular quartz. The plains are almost destitute of vegetation ; the bills bear a stunted growth of piiion and red cedar." And
although he adds that rain had recently fallen, and that the grass in the
bottom was good, yet it fails to obliterate the picture of barrenness he
bad drawn. But that which wore such a desolate appearance in 1846 is
now one of the richest wheat-growing valleys in the whole Territory,
its only rival being the Taos Valley, which was once covered with nothing
but sage-bushes, (Artemisia,) and was likewise counted as barren and
worthless.
Nestling high amid the snow-crowned granite peaks of the Hocky
Mountains lies the little valley of the Upper Arkansas, where we would
scarcely expect to find an arable spot. Yet experiment proves that even
this elevated place, covered with the rough local drift from the barren
metamorphic peaks around it, when irrigated, is productive, and yields
rich crops of the cereals, potatoes, &c. The fossil-bearing deposits in
the Bridger basin, on account of their worn, washed, and. barren appearance, have been compared with the JYictttvaises Terres of Dakota,
and have generally been considered by travelers utterly worthless in an
agricultural point of view; yet the productive farms along Smith's Fork
will suffice to convince the most incredulous of the error of this opinion. Necessity for a supply of fresh vegetables to the mining popnhttion around South Pass bas brought out the fact that the valleys along
the tributarim; of Wind Hi ver will produce fine and abundant crops of
all the hardier vegetables. And almost on the mountain crest at Fort
Sanders the industrious officers and soldiers of the post ha\Te demonstrated the fact that, despite the barren appearance of the soil, the bleak
winds of their elevated position, and the early frosts and snows of their

GEOLOGICAL SURVEY OF THE TERRITORIES.

195

climate, useful crops can be produced even here; and prolonged experiments have shown that even spots so thickly frosted over with alkaline deposits as to destroy vegetable and animal life can be rendered
fertile and made to produce abundant crops.
As a final illustration, I would refer to the efforts of the Mormons on
the Rio Virgin, along the Arizonian border, where I might truly say,
amid basaltic bills and drifting sands the desert is being turned into a
blooming garden. Perhaps a more desolate-looking region than the
vicinity of St. George could scarcely have been selected ; yet the application of water shows that here, as elsewhere, the soil is rich in the
mineral elements necessary to fertility.
.
Another fact with which our investigations must begin is, that as a
rule, which has hut few exceptions, irrigation is necessary to the cultivation of the soil.
As water is, therefore, the great desideratum in the agricultural
development of this country, in the method of its distribution we shall
find the true key to the agricultural systems of the West, and its turning sheds the boundaries of the districts. I adopted this as the basis
of the plan of my report of last season, and subsequent and more extended observations and investigations have serveu to confirm me in
the position then taken.
If I am correct in the foregoing opinions, then a general description
of the arable lands of this section implies a description of the portions
that can be irrigated. But a description of what may hereafter possibly become arable widens the field and introduces the question of an
increase of moisture, with which I do not propose dealing at present,
but may allu<le to llereafter.
Although there is not one monotonous uniformity throughout this
vast extent of country, yet there is nothing like the variety to be found
between the Mississippi and Atlantic. To know that a given spot is
covered with a sufficient depth of soil, and is susceptible of irrigation~
is to know that it will produce the cereals, the common vegetables and
fruits, except so far as limited by climate. The change in soil and vegetation in passing from the eastern to the western slope of the great
divide between the waters of the Atlantic and Pacific is far less than is
generally supposed.
During the two years I have been connected with the United States
geological survey of these Territories, having traversed the country
north and south, from the banks of the Rio Grande to the southern
tributaries of the Yellowstone; and east and west from the plains east
of the Hocky Mountains to the Great Salt Lake basin, I shall give, in
as fu11 and comprehensi\e manner as possible, in a short preliminary report, a description of the various arable districts embraced within the
boundary mentione~, omitting what bas already been reported upon.
Following out the plan already suggested, the different watPr-sheds,
and systems of valleys which lead to the large streams that drain the
country, will form the districts to be consi<lered separately. And these
are generally so well marked that but little difficulty is experienced
in tracing them.
The central axis of the l{ocky Mountain chain divi<les this area into
two unequal and irregular divisions; the eastern division being drained
by the following rivers: the Rio Grande, the Arkansas, the Platte,
and the Big Horn, which form the water systems of the eastern shed
within the territory under consideration. The western division comprises two very different systems, the one being drained by Green River,
whose waters ultimately reach the Pacific through the Gulf of Calitor-
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nia. The other is the Great Salt Lake basin, whose waters empty into
the lakes contained within it, or are lost in the sands of its plains.
THE EASTERN DIVISION.

As before stated, this division includes all the territory under co11sideratiou which lies east of the divide between the waters of the Atlantic
and Pacific. It embraces the areas drained by the Rio Grande, the Arkansas, the Platte, (or rather the Plattes.) and the Big Horn Rivers and
their t,ributaries. These areas, although very irregular and unequal, are
generally separated from each other by very distinct boundaries, and
can be traced without difficulty.
The Rio Grande basin, although belonging to this division, because
its waters find their way to the Atlantic, is in fact situated in a biftucation of the Rocky Mountain range, pointing southward. And as the
larger and loftier extension of this bifurcation is the eastern prong, the
basin lies west of it. The western rim of this division, which is the
divide between the waters of the east and the west, beginning at the
southern extremity and going northward, runs about as follows: With
the Mimbres Mountains to the plains of San Augusta; thence slightly
northwest along the Zuni range to Campbell's Pass, where, turning northeast, it passes along Mesa Fachada to the Sierra de San Juan, which
ferms the western rim of the San Luis Valley. From the vicinity of
Coocbetopa Pass, running west of the Upper Arkansas Valley, and
west of South Park, it suddenly turns eastward and winds around Middle Park, throwing this basin on the west. . North of tbisitagain bends
westward around the North Park, where the character of the range is
again changed. Losing its compact form, it breaks up into irregular
branches aud broken chains, separated by elevated intervening plains,
which are traYersed by short ridges and mountains. The main divide,
which is less eleYated here than farther south, bends somewhat abruptly
to the northwest, connecting with the Wind River :!\fountains, near
South Pass. The latter range forms the western boundary of the Big
Horn basin, the northern district of the division under consideration.
The eastern boundary of this diYision, as fixed by nature, is the line
where irrigation becomes necessary as we move west from the Mississippi.
But since this is difficult to uetermine definitely, I have limited my e.x:aminations to the boundaries of the three Territories within which the
work of the expedition was principall~T confined during 1869 and 1870.
This embraces nearly all of New Mexico, the eastern half of Colorado,
and (by including the Powder River country) all of Wyoming, except
a, small triangular area in the southwest corner, ~nd amounts in the
aggregate to about two hundred and fifty thousand square miles.
Of this area perhaps three-tenths, or seventy-five thousand square
miles, could not be cultivated if every other obstacle except its ruggednesH were removed. Of the remaining seven-tenths we may set down
five-tenMlS as at present without a sufficient supply of water for irrigation. This leaves two-tenths, or about fifty thousand square miles, which
are, or may be rendered arable by irrigation 7 and whieh, at a moderate
estimate, would support a population of several millions. It is true that
this is but an estimate in round numbers, liable to be considerably modified, and which will, by many, be considered as exaggerated, but I make
it after having tnwersed the entire division from one extremity to the
other; and I believe it will prove to be nearer correct than the limited
estimates which have heretofore been made in regard to the cultivable
lands of these Territories. And I think it q_uite probable that addi-
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t,ional and new methods of obtaining, husbanding, and applying water,
as by reservoirs, wells, pumps, elevating maehiner~T' &c., may show that
even this estimate is far below the proper figures.
Efforts already made, and canals under way and projected in this
division, when completed, will demonstrate the feasibility of bringing
under culture a large extent of the lands in these Territories lying east
of the mountains.
,
In order to avoid repetition and confusion I shall follow out the plan
adopted in my last report, using the term "district" to designate the
area drained by one of the large streams named, (the Plattes, north and
south, being described separately;) the term'' section" being applied to
the larger subdivisions of a district. The terms "tillable," "arable,"
"susceptible of cult.ivatiou," not being used as excluding the idea of the
future possibility of cultivatiug other portions, but simply to express
the fact that those portions so termed are now sufficiently supplied with
water for farming purposes.
THE RIO GRANDE DISTRIC1'.

This district, although chiefly confined within the bounds of New
Mexico, penetrates into the southern portion of Colorado. Begiuning
at Poncho Pass, about 38° 30' north latitude, it extends southward to
the southern boundary of the Territory, and is about five hundred miles
long. As far south as Santa Fe its width is tolerably uniform, averaging very near one hundred miles; but here it begins to expand rapidly
on the eastern side to em brace the area drained by the Pecos, terminating in tllis direction in the Llano Estacado. Excluding the " Staked
Plains" from our calculation, the entire area of this district amounts to
about seventy thom;and square miles, auout five thousand five hundred
of which belong to Dolorado, (according to the old boundary line.)
This district may conveniently be divided into three sections, corresponding with the natural aspect of the country:· First, the San Luis
Valley, (sometimes called the San Luis Park,) wllich constitutes that
portion of the district which lies north of the point where the Rio de
Taos enters into the Hio Grande ; second, the central portion of the
Territory, including the Rio Grande Valley proper and the tributary
valleys leading into it betwePn the southern rim of the San Luis ·valley
and the southern boundary of tbe Territory; third, the Pecos Valley,
whJCh, beginning east of the mountains, about opposite Santa Fe, runs
a little east of south to the Texas line, and includes only the area drained
by the Pecos RhTer.
'rllis district embraces nearly two-thirds of New Mexico, leaving a strip
along the western boundary varying from fifty to one hundred miles in
width, and drained by the tributaries of the Colorado and Gila Rivers,
and a triangular area in the northeast corner drained by the Canadian
River. It embraces the central, and, with the exception of a few valleys, the most productive portion of the Territory; and, although much
of it is occupied by broken ranges of mountains and elevated mesas, yet
there is a large portion which can be irrigated by the streams that
traverse it, and a still larger ratio which affords rich pasturage for sh~ep
and cattle. Here also can be found every variety of climate, from the
cold of the mountain region along its northern rim, to the tropical
valleys of its southern border.
SAN LUIS VALLEY.

This valley, or park, has been correctly described as "an immense
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elliptical basin enveloping the sources of the Rio Grande." Its entire
length, in a direct hne from the summit of Poncho Pass to the mouth
of the Rio de Taos, is about one hundred and fifty miles, and its greatest width, counting from the crest of the rim, about one hundred miles;
but its surface area cannot properly be estimated at more than one hundred and forty miles long, by an average width of sixty miles, giving an
area of eight thousand tour hundred square miles. Of this amount
perhaps one-fourth, or about one million three hundred and fifty thousand acres, can be irrigated and brought under cultivation by ordinary
means, and by damming up and drawing off in canals the waters of the
R.io Grande the area of cultivable land may be expanded above these
figures.
The mesa plains, mountain foot-hills, and slopes afford nutritious
grasses suitable to the pasturage of sheep and cattle. The average elevation of the surface is about seven thousand feet above the level of the
sea.
The northern part of this section is occupied by an isolated basin of
considerable extent, to which the name San Luis Park is sometimes limited; it is also ca1led the "Rincon," and "Sahwatch Basin." The waters
of this basin, instead of entering the Rio Grande, are poured into a reservoir near the western base of the Sierra Blanca, which has received the
name Sah watch Lake. For a long time the very existence of this lake
was a matter of doubt, and even at the present day, with settlements
beginning around it, its extent is a matter of dispute, the estimates varying from three to sixty miles. I cannot describe this singular basin and
reservoir in any better manner than by quoting the language of the
United States geologist, (chief of our expedition,) found in his preliminary report of last year: '"This northern portion [of the San Luis Valley]
above the bow of the Rio Grande is about sixty miles in length, and has
an average width of fifteen or twenty miles. About the center (rather
in the southeast part) of this park is a singular depression, about ten
miles wide and thirty miles long, which looks like one vast thicket of
grease-wood (8m·cobatus vernicularis) and other chenopodiaceous shrubs.
Into it flow some twelve or fifteen good-sized streams, and yet there is
no outlet, neither is there any large body of water visible. It seems to
be one .vast swamp or bog with a few small lakes, one of which is said
to be three miles in length. Although disconnected from any other
water system, the little streams are full of .trout."
The boggy nature of the broad margin, the shallowness of the streams
where they enter it, and want of interest on the part of those residing
in the vicinity, have probably prevented an examination sufficient to
determine, with auy degree of accuracy, the extent of the lake or lakes
contained therein. During the spring and early part of summer the
streams which run into it must carry down a large amount of water,
part of which probably sinks into the margin which has dried during
the autumn, the rest evaporating into the dry atmosphere. The streams
on the east side generally dry up in the latter part of the season, but
those on the west and north are constant runners.
Commencing at Poncho Pass on the northern extremity of the section
and moving southward, we enter the valley of Homan's (or San Luis)
Creek, which expands for a part of its length into what is called Homan's
Parle This is about four or five miles wide at its broade.st part, and
some seven or eight miles long. The arable portion, which lies chiefly
on the west side, although somew hat inclined, can be easily irrigated
from the little streams which descend across it to the principal channel.
The soil, though mixed with coarse sand, is quite good, and will produce
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good crops of wheat, oats, and the hardy vegetables, the climate being
too cold for anything of a tender nature. Some trees of a considerable
size, principally cottonwood, grow in the valley, while the mountains
around produce an abundance of pine.
The soil of the lower level, especially near the north end, is strongly
impregnated with alkali.
This is a most excellent point for a few stock ranches, as water is
abundant, and as not only the valley proper, but also the little openings
up into the mountains and slopes on the north and west, afforu most
excellent grass, and would furnish pasturage for quite anum ber of cattle.
Below tilis point the valley contracts. but again expands near where
it opens into the Sahwatch Basin, afl'ording a small area of arable land.
Here also are a number of hot springs which emit a strong vapor, the
temperature ranging at about 120° ]~ahrenheit.
Running in from the northwest is Sahwatch Creek, which affords a
rich valley some three or four miles wide and some ten or twelve miles
long. The bottoms which flank this stream are generally fiat, and as
they are raised but slightly above the water-level, can be easily irrigated., the supply of water being abundant. A settlement has already
been made here, and although the seasons are short, yet experiment has
pro,~ed that wheat, oats, &c., can be profitably raised, the yield being
good and the grain fine. I dislike to introuuce personal incidents into
a report of this kind, yet as they sometimes serve to give stronger impressions than can otherwise be made, 1 trust I will be excused for introducing one here to show how difficult it is to produce a belief in the
agricultural capacity of these regions. As we entered this valley from
the west, we noticed that the oats, whicil appeared to l>e of a very inferior
qualit.v, had been cut quite green; this was late in the season, (September 30,) and the night was very cold and frosty. I at once concluded
that the climate was too cold and the seasons too short to produce the
cereals, and even the leader of our expedition, who bad been exploring
the Rocky Mountain regions for fifteen years, and who long since had
gotten over first impressions, was inclined to the same opinion. Yet
next morning, when we passed over to the other side of the \alley, we
were surprised to see some large fields of the finest quality of wheat.
Although it was being harvested at this late date, having been sowed
late in May, the grains were large and plump, and fully ripened.
The broad margin that surrounds the boggy basin before described,
is sufficiently level for agricultural purposes, and, as far as the supply ol
water will go, can be easily irrigated and brought under cultivation.
The lands along the east side, which slope in fi·om the base of the Sierra
Blanca, are rather sandy, and in places almost destitute of vegetation,
the supply of water on this side not being constant. Yet I think it
probable that during the spring and first of summer, when most needed 1
and while the snows on the west side of the mountain are melting, there
will be a sufficiency of water to irrigate a considerable breadth of land
even here.
On the west side are the Carnero and Gareta Creeks, pretty little
streams which pour <lown their pure, limpid waters throug·h ditch-like
channels but a few feet below the surface of the plain, rendering theirrigation of the bordering lands remarkably easy and inexpensive. The
soil here is very good, in some places being a dark, rich loam, covered
with a tall and rank growth of grass. The temperature is about the
same as in the Sahwatch Valley, but although more open and perhaps
warmer during the day, is more subject to irregular early frosts, a fact
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which is often noticed in comparing the climate of open plains with tha,t
of adjacent mountain va11eys.
Should the time come when there will be an urgent demand for land
in this vicinity, an encroachment could be made upon the marshy borders of the central basin, which if redeemed would afford several thousands of acres of rich soil.
On the southwest this basin is bordered by a somewhat elevated,
gravelly plateau, varying in width from eight to fifteen miles, which,
beginning at the mountains on the west, passes eastward between the
Hio Grande and Gareta round the south end of the basin, separating it
from the Hio Grande bottoms. In regard to the possibility of irrigating
this ridge I will speak hereafter.
The Rio Grande, rising in the mountains to the west, flows directly
east until it reaches the middle of the valley, where, making an abrupt
bend, it runs south through the entire length of the valley, eli vi ding it
into nearly equal parts. On the east f?ide, between the Sallwatcb basin
and the Rio Costillo, lies a broad, slightly-inclined plain, averaging
about twenty miles in width. It is interrupted, in its southwest portion, by a mesa of considerable extent, and by occasional foot-hills which
·shoot out from the mountain on the east. The southern half is undulating, but the northern portion is composed of three levels: first and lowest, the river bottom, some five or six miles wide; the second corresponding with the plateau before mentioned, and which occupies the region
about Fort Garland, having an area of one hundred and fifty or t\YO
hundred square miles; the thir<l, which is the highest, lying south of
the second. The bottoms along the Hio Grande are composed of deep
rich soil, generally coverecl with tall grass, or thickets of bushes, with
here and there open groves of cottonwood. They can, without much
difficulty, be irrigated from the rhrer, but I am of the opinion (and on
this account have been thus minute in my description of tllis locality)
that, by commencing a canal where the river emerges from the mountains, and bringing it along the plateau and around the bend upon the
second level, not only the plateau and a great portion of the second
level, but tbe southern slope of Sah watch basin and Hio Grande bottoms
might all be irrigated from it. It is possible there may be a depression
between the Hio Grande and·Gareta at the upper portion, which would
necessitate the building of a.n aqueduct, and thus increase the expense,
but in regard to this I cannot speak positively. This canal would irrigate at least five hundred thousand acres, at a moderate cost per acre.
From the Trenchera most of the ea~tern portion of the second level
can be irrigated; and it is possible a portion of the higher level might
be reached by water from this stream and the Culebra, near their
sources in the mountains.
An old Mexican claim extends over a considerable portion of this part
of the valley. Heachiug from the south end of the Sierra Blanca to the
Rio Costillo, it embraces the entire valleys of the Trenchera, Culebra,
and Costillo, amounting to one million three hundred thousand acres.
The Hio Culebra furnishes one of the prettiest and richest valleys of
this section, its chief expanse being along the eastern margin near the
mountains, from which numerous little tributaries pour down their cool,
clear waters. This expanse, lying between the mountains on the east
and the '' cerillos" on the west, bas been -very appropriately designated
the "vegas" or meadows, on account of the luxuriant growth of grass
that covers its soil. There is quite a settlement here, chiefly Mexican,
and a large portion of the valley at this point is already under cultivation. The county seat of Costillo County, San Luis, (or Culebra,) is lo-
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cated here. The second or upper level here, and also that bordering the
Costillo Valley, might be irrigated, thus increasing the breadth of the
arable area. Near the Hio Grande lie a succe8sion of basaltic mesas and
ridges, through which the Culebra and Costillo have cut chaunels for
their waters. The Hio Grande affords no bottom aloug this part of its
course, its waters being confined to a deep ncnTO\Y cailon of basalt for
sixty-five miles, from La Joya to the crossing of the road to Con~jos.
The Rio Colorado affords another valley of moderate width, wltich, like
the others, is broadest and most extensive at its upper end, narrowing
as it approaches the Rio Grande. Between this and the Taos Valley,
though a few spots of limite~l extent may be found which can be cultivated, the greater part is elevated and broken, and is covered with a
heavy growth of timber.
The area west of the Rio Grande is similar in character to that east.
It is watered by Pintado Creek, Rio de J ara, and the Conejos Rin~r, and
contains some as fine land as is to be found in tho San Luis Valle;y.
The valleys of the Pintado and de J ara are of but moderate extent,
traversing a more uneven country than that farther south. The Conejos
River and its tributaries afford a valley which at its central part presents a broa.d and fertile area, where quite a number of Mexican settlements have alreauy been made. The southern portion of this side of
the San Luis Valley is principally an elevated basaltic plateau, or mesa,
which is covered with grass, and well adapted for grazing purposPs, but
cannot be brought under cultivation, as it is beyond the reach of irrigation. But there is on this side, as ori the east, a large extent of land,
principally on the second level, which by proper efforts might be irrigated,
thus adding a broad margin to the arable lands of this section.
'rhe soil of the lower valleys and bottoms throughout the section is
generally composed of a rich sandy loam, contaiuing more or less comminuted marl. That of the upper levels and ridges ltas more or less gravel
and coarse sand mingled. witb. it.
HaYing an elevation of seYen thousand feet above the level of the sea,
and being partially surrounded by mountains, whose summits bear upon
them snow throug·bout the year, this basin must necessarily have a
tolerably cold climate. Yet the days and the a-verage temperature
during the growing season, as shown by the thermometer, would iudicate
a more favorable climate than the surroundings do; but this is to a certain degree deceptive, as the nights during the warmer half of the year
are quite cold as compared with the temperature of the days. And this
fact, as will be seen, has an important bearing in estimating the agricultural capacity of this section. Frosts generally set in between the 1st
and lOth of September, but snow seldom begins to fall on the plain
until December, and the amount that falls during the winter is sma,ll.
There is scarcely any portion of the valley that does not afford good
pasturage for cattle and sheep, and when every acre that can be irrigated
has been brought under cultivation, the higher ridges, mountain sides,
and elevated valleys will still furnish sufficient pasturage for numerous
herds and flocks; and if a means of reaching market is ever obtained,
few better places for the manufacture of butter and cheese than this can
be found.
From Mr. Stephen E. Sterrett, who bas been acquainted with this
valley for eighteen years, and bas resided. here for the last ten years, I
obtained the following information in regard to the crops.
The principal P.roducts of the soil are wheat, oats, and potatoes, very
little corn being raised. Wheat is generally sown between the 1st of
April and. lOth of l\.Iay, and harvested from 1st to the 20th of September,
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the average yield being thirty bushels, which he considers a low estimate, as he has seen fields turn out as much as sixty bushels to the acre.
He says the reason why their harvest is so late is because the cold nights
in the spring check its growth, and. in the latter part of the summer
retard its ripening. Oats grow finely, and yield about forty bushels
to the acre. Some corn is raised, principally in the southern end of the
valley, yet the seasons are so short, and its growth so much retarded by
the cold nights, that it is often injured by autumnal frosts, and. mren
when it matures is of an inferior quality, and t.he yield light. He find~.
by experience that in the northern part of the valley it is less liable to
injury if planted near the mountain than on the open ph1.in.
Irish potatoes do well, yielding moderate returns of fine-flavored tubers.
Turnips and Mexican squashes can be easily raised. Such garden vegetables as cabbages, beets, carrots, peas, &c., can be grown here without
difficulty; and tomatoes and beans can be raised, but are liable to be
injured by the frosts. Very little fruit has hitherto been raised in the
valley, but I think if the proper varieties of apples were selected and
well managed, a sufficient quantity might be produced to supply the
local demand. Currants, raspberries, gooseberries, and strawberries
will grow here and produce fruit, but the cultivated varieties will have
to be planted, for although the mountain sides furnish an abundance of
the wHd kinds, they appear to fail when transplanted to the Plains.
Ample water power for milling and manufacturing purposes can be
readily obtained; and a supply of timber can be had by going to the
mountains, especially at the northern and southern extremities of the
valley, and it is very probable a large amount of the better kind for
building purposes might be floated down the Rio Grande, as far as this
river has accessible points.
The roads within the valley are mostly good; and those which lead
out of it at Poncho and Sangre de Christo passes and at the south end
can be made good without any great expense.
I have been thus minute in my description of this basin because much
interest has been manifested concerning it of late years, and yet so little in regard to its agricultural capacity seems to be known.
The reader will notice that I have omitted to speak of the Taos Valley in my description of this basin, although in giving the boundaries
I included it. I did so because it is wholly distinct in its character
from the rest of the basin, and is almost completely isolated.
TAOS VALLEY.

"The valley in which Taos is situated may be said to be formed by a
notch or bend in the mountain range. On the southw,est is the 'P icaris
Range, with a strike nearly northeast and southwest. The next range
east ·of this trends about north .a nd south." It is about eighteen miles
in extent from east to west and sixteen from north to south, the narrow
valley of the Arroyo Hondo forming its northern extremity. There is
also an open area, about eight miles wide, on the west side of the Rio
Grande, which may properly be counted as a part of it. The entire
area, including the strip west of the river, amounts to about two hundred and fifty square miles, or one hundred and sixty thousan'd acres,
a large part of which may ultimately be brought under cultivation.
The deep arroyo or valley at the north end is from one to two miles
wide, affording a fertile spot, easily irrigated, where there is a small
Mexican settlement and village.
The entire valley of the Taos seems to have been one broad field of
sage, (A.rtemisea,) which, on the parts where it has not been disturbed,
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excludes every other growth, giving a very barren appearance to the
landscape.
Besides Taos there are several other villages and settlements, chiefly
Mexican, in the southeast part of tlle valley. The amount of land in
cultivation is not more than fifteen t,housand acres. Unless the canon
through which the Rio Grande emerges into this valley should present
some insurmountable difficulty, the greater part of its area may be irrigated, the northern and western portion from this river, and that part
along the mountains from the streams that flow into it.
The soil is quite different from that of the valleys further north, being;
very finely pulverized and loose; it also is of considerable depth and
very fertile. The cause of its fertility will be understood from the following quotation, made from the preliminary report of the United States
Geologist on the" Geological Survey of Colorado and New Mexico,"
1869,p.70:
The valley proper is scooped out of the Santa Fe marls, which must at one time
have prevailed extensively, as in the country north of Santa Fe, but the surface has
been smoothed off, so that nowhere arc the marls conspicuous; still they can ue seen
all along the base of the mountains bordering the valley, where portions of the recent
deposits lie high on the mouutain side. No sedimentary rocks of oluer date are seen,
and the Santa Fe marls rest directly on the metamorphic rocks.

The effect of this marl upon the appearance and character of the soil
is plainly seen. The consequence is, that that which in its wild state
appears as but a barren sage plain, across which the wind sweeps the
fine particles of the light soil, piling it in little heaps around the bushes,
by the application of water is changed into a fertile :fiel<l. .And I think
Colonel Charles McClure justified in his statement to me, that sufficient
wheat to sup{My the Territory might, be raised in this valley. lt is considered the best wheat-growing region in New Mexico. The climate
appears to be milder here than in the San Luis Valley proper, although
but narrowly separated from each other, and the differences of latitude
and altitude being slight.
Having now completed my description of this great mountain basin,
it is proper I should refer to the report of Lieutenant E. G. Beckwith,
as published in Vol. II, Pacific Railroad Reports, whose opinion and
description differ somewhat from that I have given. He remarks that
''in our ride of over a hundred miles from El Sangre de Christo to this
place (Taos) we saw no gra~ in the valleys worth naming, the vegetation being confined almost exclusively to artemisia and a few varieties
of cacti, but chiefly the prickly pear; the pines of the mountains at
times extend well down to the plains. In the high small valleys of the
mountains the grass is luxuriant and the flowers beautiful."
There are parts of the open valley which are not well gTassed and
that have upon them a tolerably thick growth of artemisia, and also
some spots grown up with chenopodiaceous shrubs; but as a whole it
may properly be called well grassed. In 1869 our party traveled over
exactly the same road here spoken of, camping one night in each of the
principal valleys, the Rio Colorado, Rio Costillo, and Culebra, haYing
no difficulty in either in obtaining sufficient grass for our stock. It js
true that it was not so rank and abundant in the first two as in the
last, which~ outside of the cultivated fields, was one rich meadow. The
bottoms of the Rio Grande and western slope of the Sahwatch basin
we found covered with a very heavy growth of grass.
In summing up his ·dew of this valley, although he calls it one of the
finest in New Mexico, yet he goes on to say :
The extensive valley of San Luis, lying between the Sierra Blanca on the east and
Sierra San Juan on the west, and watered by the Rio Graude del Norte and its numel'-

204

GEOLOGICAL SURVEY OF THE TERRITORIES.

ous small tributaries, is, in general, one vast sage plain from the Rio Colorado to Gunnison's Pass. The grass on the lower tributa,ries of the Rio del Norte, in this valley, is
very limited indeed. It is more abundant on the upper affiuents, where a few fields
of prairie grass a mile or two in width were observed, and the authority of our guide
given for extensive grass prairies ou the Rio del Norte itself. But all these grass fields,
with the greatest amount of cultiva.tion which can be supplied with water from the
little streams of this valley, can, under the most favorable circumstances, only support
a meager population.

It is evident from these remarks of Lieutenant Beckwith that be
bases his conclusions on his observations and experience in the States
where the soil is moistened b,y: rain, and that be considers the sage
ground as unfit for cultivation. But the experiments of the seventeen
years which have elapsed since be was there, have taught us that sage
land, when irrigated, is about as productive as the grass fields. And the
broad sage field that lies west of Fort Garland, (then Fort Massachusetts,) if redeemed by water, would soon give evidence of this fact.
I do not refer to the reports of others in any spirit of criticism, but
as far as possible to correct the impression made by these opinions,
which, though given in all candor, frequently did injustice to this
country.
VALLEY OF THE RIO GRANDE.

As I have traveled over but a small portion of this section I cannot
enter as minutely into details as I have in regard to the one north of it.
My description, therefore, will not only be more general, but made up in
part from such reliable information as I could obtain. But this deficiency is, to a great degree, compensated by the narrative of Dr. A.
Wislizenus, the reconnoissanee of Lieutenant Emory, and the reports of
General Pope, Lieutenant Whipple, and others, in which notiCes of the
agriculture and arable lands of different parts of the section are to be
found.
The length from north to south, counting from the mouth of the Rio
de Taos to the Mexican line, is about three hundred and fifty miles,
with an average width of one hundred and ten miles. It is difficult to estimate, even with approximate accuracy, the amount of arable land in this
area, as, with the exception of the comparatively narrow valley proper
of the Rio Grande, it lies in small irregular valleys and detached spots.
And, in addition to this difficulty, great diversity of opinion exists in ·
regard to the average width of this valley, varying from two to twenty
miles. Yet this difference is not wholly due to error in either party, as
the term " valley i: is used in different senses, some meaning thereby only
the bottoms immediately along the river, while others include the lower
terraces which at some points flank the bottoms. Perhaps the best
data we have upon which to base an est.imate is to be found in thereport of Lieutenant Whipple, who, after a careful examination, estimates
the cultivable area of a belt thirty miles wide, and one hundred and
eighty miles long, east and west-reaching from Anton Chico to Campbell's Pass-at three hundred and sixty square miles, or one-fifteenth of
the whole area. As this belt reaches directly across the entire width of
the section under consideration, it may be taken as an average of the
whole; for, although it includes the valley of the San Jose on the west,
the east end stretches over the broad Mesa de la Vista almost from
Anton Chico to San Antonio. This proportion would give for the section nearly two thousand six hundred square miles of tillable land, which
·
I think may be increased by the proper husbanding of water.
In order to understand properly the differences in climate and productions observable in the different parts of this section, it is necessary,
not only to take into consideration the latitude, but also the variations
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in altitude, and proximity to high mountains. Beginning at the San
Luis Valley, with an elevation of 7,000 feet above the level of the sea,
we find when we reach Santa Fe the height is still 6,840 feet, which is
higher than some of the valleys farther north. Keeping on the same
plateau, and moving south, the elevations of the principal points are as
follows: Gallisteo Village, 6,165; Los Cerillos, 5,804; Canon Blan~o,
6,320, and a little southwest of the caiiou, near Laguna Blanca, 6,~l4-3
feet. l\ioving southwest from this point toward Albuquerque, we fiud
the elevation at San Antonio is 6,408 feet. But when we descend into
t.h e immediate valley of the Rio Grande, as far north as. Peiia :Blanca,
it is only 5,288 feet above the sea-level, or 1,552 lower than at Santa li'e.
At San Felipe it is 5,220; at Albuquerque, fl,02G; at Isleta, 4,910; at
Socorro, 4,560 ; at Alamosa, 4,200; and at El Paso about 3,800. Strange
as it may appear, when we cross the ridge east of Santa Fe, to the
headwaters of the Pecos, we :find the altitude at Pecos Village but 6,360
feet-about 500 feet lower than at Santa Fe; while at Antou Chico it is
only 5,372 feet, corresponding very nearly with that of the Rio Grande
valley at Peiia Blanca.
I have given these particulars in regard to the elevation of this
region to show that, sweeping around the southern terminus of the Rocky
Mountain range, is an elevated plateau, or· extended mesa, "hich, reaching north along the inside of the basin for some distance, occupies both
sides of the river, but southward recedes from it. At Peila Blanca we
descend into the Rio Grande Valley proper, which continues along the
southern course of the river with little interruption throughout the rest
of the Territory. From this point south, fruits and the tenderer vegetables and plants are grown with ease, which fail no farther north than
Santa Fe.
But the difference in altitude is not the only influence tending to vary
the temperature and vegetation between the northern and southern
parts of the section, for about opposite the point where this lower level
begins, the mountain range on the east terminates, and, as a matter of
course, the depression of temperature and the cold of the nights, so far
as caused by the proximity of snowy peaks and ic;y waters, also cease.
From the region of the Galisteo south the features of the country
change ; instead of the va~t and lofty ranges of the Rocky Mountains,
a succession of shorter, narrower, and less lofty mountains forming a
chain which runs directlv north and south a short <listance east of the
river and almost parallel with it; and what is somewhat remarkable,
instead of corresponding with the range east of the San Luis Valley,
this chain runs almost directly in a line with the bottom of the valley~
While the mountains have thus diminished, on the other hand the miniature table lands of the regions farther north are here replaced by Yast
plateaus which spread over the country forming its general level, out of
which are scooped the valleys and basins.
On the east side of the Rio Grande, between the Taos Valley and
Joya, the country is broken and mountainous, mostly covered with a
heavy growth of timber, chiefly pine and fir. This area is traversed
east and west by a few small streams, which are bordered by narrow
strips of cultivable lands. The three principal ones are the Penasco,
Pueblo, and Chumesal; the first being a vigorous creek which traverses
a valley varying in width from one to five miles, which is flanked on
each side by high bluffs. A good part of it is already under cultivation,
and, as the soil is fertile and the valley sheltered, the crops produced are
quite heavy. The other two are small and less important than the
Penasco.
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Between this broken region and the Rio de Canado (or Santa Cruz)
on the south, lying along the Rio Grande, is a moderate breadth of arable
land, some of which is very fertile, and produces not only the hardier
cereals, as wheat, oats, and barley, but also corn, which grows large and
fine. The tillable area here could be considerably enlarged by irrigation
from the Rio Grande, unless there is some impediment which I failed to
observe.
The Rio de Santa Fe, Rio Galisteo, and Tuerto Creek afford strips of
arable land, varying in width from one to ten miles; but here also I
think the amount might be increased by proper efforts and more extensive acequias.
I have not visited the valleys of the Rio de Chama and Rio Puerco.
The valley of the Rio Puerco, I understand, is flanked by elevated table
lands, and that its lower portion is not supplied with living water but a
part of the year; but its principal tributary, the San Jose, runs through
a fine wide valley, in which there is a considerable amount of cultivated
land and a number of villages, the breadth available for agricultural
purposes being equal to the capacity of the stream.
The average width of the immediate valley of the Rio Grande, as
before stated, has received widely different estimates; Dr. Wislizenus
placing it as high as t.wenty miles, evidently including the lower terrace
which is sometimes present, while Colonel McClure stated to me that he
would not estimate it at more than two miles, including only the immediate bottoms of the river. Lieutenant Whipple's calculation wu ~
give about eight or nine miles as the average, which is probably nearer·
correct than either of the others.
The following memoranda in regard to various points along this valley,
though not very defiuite, may be of some interest to the reader.
At San Doming·o it is quite narrow and continues so for about six
miles below San Felipe, where it again widens to six or seven miles, the
soil being quite sandy. At Bernalillo it is of considerable breadth, but
grows narrow in the vicinity of Zandia, again expanding and afforuing
a tolerably broad area at Alameda. From Alameda to a pomt some
distance below Isleta, there is a moderate width of good bottom land.
Contracting near Peralto, it widens again in the neighborhood of Tome
with improved soil, the belt continuing with very little interruption
to the beud of the Rio Grande, below the mouth of the Puerco, where
the bordering hills close in upon it, reducing it to about one mile. At
Socorro there is a medium belt, which expanfls southward, presenting a
very fine agricultural section, which is interrupted in the vicinity of .B-,ra
Cristoball\Iouutains. Between San Antonio and Doii.a Afia are some
of the finest portions of the whole valley, opposite which on the east
siue stretch the sandy wastes of the dreaded Jornada del Muet·to.
Near Mesilla and Dona Ana are also some fine openings, '"·hich are partiaHy cultivated. In regard to the few small tributary valleys below
the Rio Puerco, I know nothing.
The volume of water sent down by this river is sufficient to irrigate
an immense area of land. At Tome Lieuteuant Emory found by measurement the entire volume, including two acequias, to be equal to a width
of ninety-three feet and depth of two feet, or the area of a transverse
section, tme hundred and eighty-six square feet. The rate of fall between Pena Blanca and Isleta is nearly six feet to the mile; it may
therefore be possible to carry it to some portions of the higher ground,
but in regard to this I am unable to speak positively. Judging from
the height of the bluff at San Felipe above the rhrer level, one hundred
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and ninety-six feet, it is not probable this is practicable except where
there are lower intermediate levels.
As a general thing the soil along the river is quite sandy, but when
well watered proves to be very fertile; and, although seemingly adapted
to the growth of wheat, this cereal does not prove as productive here as
farther north. Indian corn grows finely, and when the better varieties
are introduced and cultivated, large and remunerative crops may be
l'aised. Here is to be found one of the finest grape-growing sections in
the Union, its only rivals being the valleys of California. All the usual
varieties of fruit can be raised in abundance and with great ease. Melons, pumpkins, frijoles, and in the southern extremity cotton, can be
produced. In the greater part of this valley two crops of cereals can be
raised in one season.
THE PECOS V .ALLEY.

As I have vis-ited only the northern part of this section, and have
received information in regard to some detached portions only of its
southern half, I can form no reliable estimate of the amount of arable
land it conta.ins. Yeti am warranted, by what I have seen andlearned,
in saJring that the proportion is less than in either of the sections heretofore described. In fact, the valley of this ;dver is one of erosion, worn
out of the broad plateau of this region, and presenting, north of the
Guadalupe Mountains, the appearance of one vast arroyo. Its tributaries are few, and, with the exception of two or three, of but little importance in an agricultural point of view.
The Gallinas River and its little tributaries afford narrow belts of fertile soil, the area being equal to the supply of water. Around Las Vegas
a considerable breadth is under cultivation, corn being the chief crop.
The Pecos, to its junction with the Gallinas, runs through a very narrow
valley, which h!tS been correctly described as "ribbon-like," a few baylike P.xpansions forming the only exceptions, as at San Miguel. The
valley bottom throughout this distance is generally flanked by high
bluff's, which sometimes, as in the neighborhood of I.1a Cuesta, reach an
a.ltit.ude of five hundred feet. Lieutenant Whipple, whose line of survey
crossed at Anton Chico, estimates the cultivable land in a belt thirty
miles wide and reaching directly across this section, from Pajarito Creek
to Anton Chico, at one-thirtieth of the area embraced. From an examination in person of a similar belt immediately north of it, I am inclined
to think this estimate very near correct; it may be a little too low, but
not much. In the neighborhood of Fort Sumner, as I was informed by
l\ir. :Maxwell, there is a considerable breadth of fertile land which can
be irrigated, and which is well adapted to the growth of fruits and
grapes. Along the headwaters of the Hio Bonito there are some fertile
spots, where not only fine crops of cereals are raised, but where fruits,
grapes, and even sweet potatoes grow well. Very little appears to be
known in regard to the valley of the Penasco.
From the north end of the Guadalupe Mountains to the mouth of the
Delaware River t.he valley of the Pecos is level and very fertile, averaging in width some three or four miles. But from all I can learn in regard to this part of the section the tillable area could be extended far
beyond the immediate bottoms. For here the plateau, instead of terminating in abrupt bluff's, descends gradually, and in a somewhat gentle slope to the river bottom. The supply of water in the river being
ample, and the fall rapid in this part of its course, irrigating canals could
be carried far up the slope, if not to the top of ~he plateau. The soil on
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the upper level possesses all the ingredients necessary to productiveness,
except that furnished by water. Supply this and all the table lands of
New :1\iexico will yield rich returns for the labor bestowed upon them.
I am of the opinion that for a part of its course the Pecos is somewhat sluggish, but I may be mistaJcen in this, as I base it entirely on
the following data, viz, that from Anton Chico to the mouth of the Delaware the fall amounts to one thousand two hundred and fifty feet,
which gives an average of but little more than four feet to the mile, but
as the fall between the north end of the Guadalupe Mountains and the
mouth of the Delaware is very rapid, and at the upper portion is also
above the average, I infer that for a part of its intermediate distance
the fall is but little.
WESTERN NEW MEXICO •

.Although this is not em braced in the Rio Grande district, it is perhaps best to add here what few itemR I have obtained in regard to its
agricultural capacity.
The Rio San J nan, a tributary of the Colorado of the West, although
rising in the San .Juan Mountains of Colorado Territory, bends south
and traverses the northwest portion of New Mexico, where it receives a
number of affluents. Colonel :1\icClure and Governor Arny inform me
that these valleys afford a considerable breadth of very rich land, which
can be irrigated, and which will produce fine crops of the cereals, vegetables, and fruits usually grown in the Middle States. As this area
appears to be almost, if not entirely, unoccupied, it would present a
good point for a colony.
The upper tributaries of the Puerco of the West, a branch of Flax
River, are flanked by narrow belts of arable lands, but as the water of
this river sinks as it descends, it cannot be relied on for irrigating purposes. But near the mountains here, as along the headwaters of the
Zulli, crops may be raised without irrigation, as the supply of rain is
said to be generally sufficient for this purpose. Even around Zulli,
where an ample supply of water can be obtained from the Zuni Hiver,
there are no acequias, the inhabitants relying on the rains to supply the
necessary moisture. There is probably some peculiarity connected with
the local atmospheric currents here which collects the moisture, or
causes its separation and fall. The evidences of a former quite numerous population, which have served to render this classic ground, when
we consider the fact that they are unaccompanied hy the remains of
aqueducts, would indicate that formerly the amount of rain was sufficient
for agricultural purposes.
The Rio Mimbres runs through a beautiful valley of moderate width
and fertile soil, where all the productions of the Central States can be
raised, and where even those things which belong to a more southern
climate can be grown without difficulty.
The Rio Gila, near where it leaves the Territory, has some good bottom lands, but farther north, toward t.he Sierra Santa Rita, is pebbly
and inferior. In regard to the valleys along its head-waters I know
nothing.
SOIL, CLIMATE, AND PRODUOTIONS.

Leaving the description of the Canadian section until I come to the
examination of ·the Arkansas district, I will close my account of the Rio
Grande district with a short summary of the information obtained in
reference to the soil, climate, and productions of the Territory.
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.As a general thing the soil is sandy and looks poor and sterile, giving
an impression of extreme barrenness, which it is difficult to remove until
the effect of irrigation and cultivation is seen. But the general statement made in the introduction respecting the soil in the Rocky l\1ountain region holds good here, for wherever sufficient water can be applied
the soil will prove fertile.
The best estimate I can make of the arable area of the Territory is
about as follows: in the Rio Grande district, one-twentieth, or about
two thousand eight hundred square miles; in the strip along the western border, one-fiftieth, or about six hundred square miles; in the northeastern triangle, watered by the Canadian Rh·er, one-fifteentll, or about
one thousand four hundred square miles. This calculation excludes the
" Staked Plains," and amounts in the aggregate· to four thousand eight
hundred square miles, or nearly two million nine hundred thousand
acres. This, I am aware, is larger than any previous estimate that I
have seen, but when the country is penetrated by one or bvo railroads,
and a more enterprising agricultural llopulation is introduced, tlle fact
will soon be develo11ed that many portions now considered beyond the
reach of irrigation will be reclaimed. I do not found tllis estimate
wholly upon the observations made in the small portions I have Yisited,
but in addition thereto I have carefully examined the various reports
made upon special sections, and ha\e obtained all the information I
could from intelligent persons who have resided in the Territory for a
number of years .
.A.s the Territory inriudes in its bounds some portions of the Rocky
l\1ountain range on which snow remains for a great part of the year,
and also a semi-trr,~pical region along its southern boundry, there is, of
necessity, a wicl0 difference in the extremes of temperature. But with
the exception -jf the cold seasons of the higher lands at the north, it is
temperate ~md regular. The summer days in the lower valleys are
sometimes quite warm, but as the dry atmospllere rapidly absorbs the
perspiration of the body, it prevents the debilitating effect experienced
wllere the air is heavier and more saturated with moisture. The nights
are cool and refreshing. The winters, except in the mountainous portions at the north, are moderate, but the difference between the northern and southern sections during this season is greater than during the
summer. The amount of snow that falls is light and seldom remains
on the ground longer than a few hours. The rains principally fall during the months of July, August, and September, but the annual amount
h; small, seldom exceeding a few inches. When there are lleavy snows
in the mountains during the winter, there will be good crops the following summer, the supply of water being more abundant, and the quantity of sediment carried down greater than when the snows are light.
Good crops appear to come in cycles, three or four following in succession, then one or two inferior ones. During the autumn months the
wind is disagreeable in some places, especially near the openings between
high ridges, and at the termini of or passes through mountain ranges.
There is, perhaps, no healthier section of country to be found in the
United States than that embraced in the boundaries of Colorado and
New l\Iexico. In fact, I think I am justified in saying that this area
includes the healthiest portion of tile Union. Perhaps it is not improper
for me to say that I haYe no personal ends to serve in making this state~
ment, not having one dollar invested in either of these Territories in
any way whatever. I make it simply because I believe it to be true.
Nor would I wish to be understood as contrasting with : other sections
of the Rocky Mountain region, only so far as these Territories ha,ro the
f.
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ad vantage in temperature. It is possible .Arizona should be included,
but as I have not visited it I cannot speak of it. There is no better
place of resort for those suffering with pulmonary complaints than here.
It is time for the health-seekers of our country to learn and appreciate
the fact that within our own bounds are to be found all the elements of
health that can possibly be obtained by a tour to the eastern continent,
or any other part of the world. .And that, in addition to the invigorating air, is scenery as wild, grand, and varied as any found amid the
.Alpine heights of Switzerland. A.nd here too, from Middle Park to
Las Vegas, is a succession of mineral and ho.t springs of almost every
character.
The productions of New lVIexico, as might be inferred from the vari(~ty
of its climate, are varied, but the staples will evidently be cattle, sheep,
wool, and wine, for which it seems to be peculiarly adapted. The tablelands and mountain valleys are covered throughout with the nutritions
gramma and other grasses, which, on account of the dryness of the soil,
cure upon the ground and afford an inexhaustible supply of food for
flocks and herds both summer and winter. The ease and comparatively
small cost with which they can be kept, the rapidity with wbich they
increase, and exemption from epidemic diseases, added to the fact that
winter feeding is not required, must make the raising of stock and woolgrowing a prominent business of the country; the only serious drawback at present being the fear of the hostile Indian tribes. But as these
remarks apply equally well to all these districts, I will speak further in
regard to this matter when I take up the subject of grazing in this
elivision.
The cattle and sheep of this Territory are small, because no care seems
to be taken to improve the breed. San Miguel County appears to be
the great pasturing ground for sheep, large numbers being driven here
from other counties to graze. Don Romaldo Baca estimates that between five hundred thousand and eight hnndred thousand are annually
pastured here; about two-thirds of which are driven in from other sectious. His own flocks number between thirty thousand and forty
thousand head; those of his nephew twenty-five thousand to thirty
thousand; :Mr.lVIariano Trisarry, of Bernalillo County, owns about fiftyfive thousand; and Mr. Gallegos, of Santa Fe, nearly seventy thousand
head.
Don Romaldo Baca stated to me that his flocks :vielded him an annual
average of about one and a half pounds of washed wool to the sheep ;
that the average price of sheep was not more than two dollars per head;
that the wool paid an expenses and left the increase, which is from fifty
to seventy-five per cent. per annum, as his profit. From these figures
some estimate may be formed of what improved sheep would yield.
Wheat and oats grow throughout the Territory, but the former does
not yield as heavily in the southern as in the northern part. If any
method of watering the higher plateau is ever discoyered, I think that
it will produce heavier crops of wheat than the valley of the Rio Grande.
Corn is raised from the Vermijo on the east of the mountJ,ins around
to the Culebra on the inside; in fact, it is the principal crop of San
:Miguel County, but the quality and yield is inferior to that which can
be produced in the Rio Grande Valley, and along the Rio Bonito. The
southern portion of the Rio Pecos Valley and the Canadian bottoms are
probably the best portions of the Territor5~ for this cereal.
.Apples will grow from the Taos Valley south; but peaches cannot be
raised to any advantage north of Bernalillo in the central section~ but it
is likely they would do well along some of the tributaries and main
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valley of the Canadian River. They also appear to grow well and produce fruit without irrigation in the Zuni country; and the valley of the
:Mimbres is also adapted to their culture. Apricots and plums grow
wherever apples or peaches can be raised. I neglected to obtain any
information in regard to pears, but judging from the similarity of soil
and climate here to that of Utah and California, where this fruit grows
to perfection, I suppose that in the central and southern portions
it would do well. The grape will probably be the chief or at least
the most profitable product of the soil. The soil and climate appear
to be peculiarly adapted to its growth, and the probability is that as
a grape-growing and wine-producing section it will be second only to
California. From Colonell\fcClure I learned that the amount of 'vine
made in 1867 was about forty thousand gallons, and that the crop of 18G9
would probably reach one hundred thousand gallons; 1 have not been
informed since whether his estimate was verified or not. A good many
vineyards were planted in 1869, at least double the number of 18JS.
Several Americans, anticipating the building of a railroad through that
section, have engaged in this branch of agriculture. The wine that is
made here is said to be of an excellent quality.
Beets here, as in Colorado, grow to an enormous size, and it is quite
likely that the sugar beet would not only yield heavy crops, but also contain a large per cent. of saccharine matter. I am rather inclined to believe
that soil which is impregnated with alkaline matter will favor the production of the saccharine principle. I base this opinion wholly on observations made in Utah in regard to its effect on fruit, therefore experiments may prove that I am wholly mistaken. It is possible the experiment has been tried; if so, I am not aware of it.
The Irish potatoes are inferior to those raised farther north. Cabbages grow large and fine. Onions from the Raton l\Iountains south
have the finest flavor of any I ever tasted, and therefore am not surprised that Lieutenant Emory found the dishes at Bernalillo ''all dres8ed
with the everlasting onion." But as to the " chili" or pepper which is
so extensively raised and used in New l\fexico, I beg to be excused, unless I can have my throat lined with something less sensitive than nature's coating. Sweet potatoes have been successfully tried in the
vicinity of Fort Sumner and along the head-waters of the Rio Bonito.
l\felons, pumpkins, frijoles, &c., are raised in profusion in the lower valleys; and I understand cotton was formerly grown in limited quantities.
As a general thing the mountains afford an abundance of pine for the
supply of lumber and fuel to those sufficiently near to them. Some of
the valleys have a limited amount of cottonwood growing along them.
In addition to pine, spruce and cottonwood, the stunted cedar and mesquit, which is found over a large area, may be used for fuel. The best
timbered portion of the Rio Grande Valley is between Socorro and Dona
Alia. The east side of the Guadalupe range has an abundant supply of
pine of large size. Around the head-waters of the Pecos is some excellent timber. Walnut and oak are found in a few spots south, but in
limited quantities and of too small a size to be of much value.
THE CAN.ADIAN SECTION.

This section, in a strictly systematic arrangement, would be included
in the Arkansas district, to which it really belongs; but, for convenience, and that the plan of my report of last year may remain unchanged,
I describe it separately. It includes that part of New Mexico lying between the Raton :Mountains on the north and the Pecos section, or
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" Llano Estacado" on the south and southwest. and cont!tins about fourteen thousand square miles. The amount of arable land in this section,
as heretofore stated, is estimated at about one thousand four hundred
square miles, or nine hundred thousand acres. This estimate is mac;le
on very slender data, and therefore cannot be considered as very reliable, but I am satisfied that it is not too large, and I think it is approximately correct.
The Canadian River, rising in the Raton Mountains, runs southeast
for about one hundred and fifty miles, to Fort Bascom, where it turns
east, and passes out of the Territory, a little north of the thirty-fifth
parallel-its whole length within the limits of the Territory being about
two hundred miles. Most of its tributaries of any importance in an agricultural point of view flow in from the west, of which the following are
the principal ones : Vermijo, Little Cimarron, Ocate, Rayada, (a branch
of the Ocate,) Moro, Rio Conchas, Pajarito Oreek, and Tucumcari Creek.
As will be seen by a glance at the map of this region, its western part
slopes eastward, while the general descent is toward the south. Hence
the highest portion of its general surface is found in the northwest angle,
where the elevation is probably about five thousand feet above the sealevel, while the southeast corner, which is the lowest, has an elevation
of only three thousand feet.
The fall of the river, from the mouth of Pajarito Creek east for about
two hundred miles, is about nine feet to the mile. The fall above this
is unknown, but it is evidently greater. It is therefore evident that the
amount of land which can be irrigated is limited only by the supply of
water, which is somewhat uncertain. I know but little in regard to the
Talley of this river, but understand that, as a general thing, it is not
extensive; that at many points the bluffs press closely upon it,
leaving but a narrow opening for the river, while at others they recede,
leaving broad aud fertile bottoms. The bordering plains are generally
quite sandy, supporting but a scanty vegetation. The landscape is varied by small elevated mesas rising from the comparatively level surface, whose sharp outlines form a singular feature of this country.
The following description of the western border, across which our
expedition passed in 1869, will give a tolerably correct idea of the
section:
Starting from the crest of the Raton Mountains, immediately above
the source of the Canadian River, after passing down throLlgh a dense
forest of magnificent pines and firs, we enter a beautiful little valley
covered over with a thick sward of luxuriant grass. Here a considerable amount is annually cut for hay and taken to Trinidad. But this
valley soon terminates, and the little stream and road enter a rugged
canon bordered by precipitous bluffs of gray sandstone, which continue
to the plains at the base of the mountain. Here a grand panoramic
view spreads out toward the south; a broad, valley-like plain slopes
southward as far as the vision will reach. Scarcely a tree or shrub is
to be seen; all is one smooth, grassy carpet, which, on the distant gentle
slopes, looks more like pale, pea-green velvet than anything else to
which I can compare it. Rising up from the broad base are two or
three huge basaltic tables, lifting their perfectly level surfaces one hundred and fifty feet or more into the air, and all clothed in the same
velvety covering, but which fails to destroy the sharp outline of circular
rim. The little stream, like a silvery thread, is seen winding its tortuous course along the gently descending plain, joined now and then by a
slender rill flowing down from the mountain on the west. It is a magnificent pasture ground for sheep and cattle, where thousands might be
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grazed and tended with but little trouble. But the stream is too small
to irrigate any great extent of the lands through which it passes, and
which could easily be reached if the supply of water was sufficient; yet
enough can be obtained to supply the wants of a moderate pastoral
settlement.
The first tributary we reach that will afford means of irrigation is a
small stream that :flows in from the northwest along the base of the
variegated mural boundary that hems in the landscape on the west. I
believe it is called Uria. It has some very pretty bottoms, which are
quite fertile all(} can be easily irrigated to the full capacity of the
stream, which is but a few feet wide and a few inches deep.
The Little Cimarron and Vermijo afford considerable breadth of arable
land, the forme:r presenting a valley some twenty-five or thirty miles
long, varying in width from one to six miles, which can be easily irrigated. The latter presents a valley of more uniform width, and bordered,
generally, by higher lands. It is about the same length as the former,
and where we crossed it about two miles wide, and ver;y rich and fertile,
the creek supplying sufficient water to irrigate the whole of it.
The Rayada runs through a \alley somewhat similar to that of the
Vermijo, the bottoms being very low and easily irrigated, but I think
they are subject to occasional overflows. The creek is sufficient to
supply the lower le-vel with water for irrigation, but the second level is
rather too high to be reached except by a lengthy canal.
The Ocate winds through a narrow valley of erosion, the high bordering bluffs descending to it in steep curves, beautifully carpeted over
with grass. Not a tree or bush is to be seen; all is as smooth as a
meadowy lawn. The part of this valley which I visited is narrow, Yarying from one-half to a mile or so in width, but it may expand as it
approaches the river.
The 1\Ioro Valley is the finest in this section, and, next to the Taos
Valley, the best wheat-growing region in the Territory. The upper or
mountain portion of it is some eight or ten miles long and about tllree
miles wide. After passing out of this through a narrow gorge, the
creek enters the more open plains, and is bordered for the greater part
of its length by a tolerably broad and very fertile valley. The entire
length is, perhaps, some sixty or seventy miles, and the width of the
irrigable lands that skirt the creek will probably average four or fiye
miles.
As the topography of this portion of the section has been somewhat
minutely described by Dr. Hayden, (see Preliminary Report, 1869, pp.
56-61,) it is unnecessary for me to repeat it here.
The comparatively low elevation and southeastern exposure of this
section, together with the mountain barriers west and north, give to it
a more moderate climate than that of the section immediately 'vest.
Not only is wheat which is produced here remarkably fine, but maize
grows large, with full, fine ears. The fruits, if cultivated, would produce crops almost, if not quite, equal to those of the Hio Grande Valley .
. A.nd in the southeast part of the section, along the Canadian Ri ,~er,
grapes can be grown without any difficulty. The native grape, 'vitlwut
having the aid of irrigation, grows here in rich profusion, the stunted
vines often being loaded down with the clusters.
As heretofore intimated, the -western border affords some of the finest
grazing fields in the Territory, especially for sheep.
TilE ARKANSAS DISTRICT.

This district includes that part of Colorado Territor~~ situated between

214

GEOLOGICAL SURVEY OF THE TERRITORIES.

the ''Divide," opposite South Park, and Raton :l\Iountains, and lying
east of the dividing ridge of the Rocky ]\fountains. It not only embraces
the plains east of the base of the mountains, but also the Upper Arkansas
Valley or park lying within them. It contains about twenty-six thousand
square miles, of which about one-fourth, or six thousand square miles,
can be irrigated and brought under cultivation. It is being rapidly settled up, and will ultimately prove to be the richest agricultural portion
of the Territory.
The Arkansas River, rising a little northwest of South Park, runs
southeast nearly to Poncho Pass, where, turning a little more toward
the east, it passes through a canon for about forty miles, emerging upon
the open country at Canon City. From this point to the eastern boundary of the Territory it runs almost directly east.
The mountain valley has an elevation of between seven and eight
thousand feet above the sea, while that of the plain country lying east
of the range varies from six thousand near the base of the mountains to
about three thousand five hundred feet at the eastern boundary of the
Territory. This somewhat rapid descent of the plains eastward is a very
important item in estimating the agricultnral capacity of this countr.r;
for it was for some time a serious question in my mind whether the
descent on the broad open plains was sufficient, after leaving the mountains for some distance, to carry the water of these rivers over the sandy
soil; but from a list of elevations along the Kansas Pacific Hailroad,
kindly furnished Dr. Hayden by General Anderson, superintendent of
that road, I learn the following important facts : That from Denver to
Fort Hays, a distance of three hundred and forty-seven miles, the fail is
three thousand two hundred and seven feet, or a little over nine feet to
the mile, showing it possible to pour the waters of the South Platte into
the channel of Smoky Hil1 River. From Cheyenne vVells, near the
source of the Smoky Hill River, to the same place, a distance of one
hundred and seventy-three miles, the fall is one thousand two hundred
and eighty-three feet, or over seven feet to the mile, which is sufficient
to carry the water upon levels sixty, or even one hundred, feet above
the stream, where the supply is sufficient. The Arkasas River, from
the mouth of the Apishpa to the mouth of the Pawnee, a distance of two
hundred and six miles, bas the remarkable fall of two thousand four
hundred and eight feet, or more than eleven feet to the mile. This is
sufficient to reach the highest extensive levels, so that, east of Pueblo, the extent of the irrigable land is limited only by the supply of
water, which confirms an opinion expressed by J\ir. B~~ers in a communication to me concerning this valley.
The head-waters of the Arkansas are in an oval park situated directly
west of the South Park. The altitude of this basin is probably between
eight and nine thousand feet above the level of the sea; the length is
about fifty miles from north to south and twenty or thirty miles in widtll
at the middle or widest point. At the lower or southern end, an attempt
has been made to cultivate the soil, which bids fair to prove a success.
Around the Twin Lakes, at the extreme point, oats, wheat, barley, potatoes, and turnips have been raised, yielding very fair crops. Below this
basin the river, for twenty miles, passes through a narrow canon, along
which, with considerable difficulty, a road has been made. Emerging
from this, it enters the "Upper Arkansas Valley" proper, which is a
widening of the bottom lands from two to six or eight miles. This valley
is some forty or fifty miles in length and very fertile. Near the southern
extremity are some large boulder deposits, evidently formed during its
lake period, ere the southeast barrier had broken away before the accu-
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mulated waters. The chief portion of the arable land lies on the west
side of the stream, which generally hugs closely the base of the eastern
range.
Several streams of moderate size flow down from the Sahwatch range
on the west and cross the main vaJley. The largest of these is the South
Arkansas, up which an arm of the park or valle:y extends for se,-eral
miles. The average elevation is about seven thousand feet aboYe the
level of the sea. There is already a considerable population there, two
or three small villages, a flouring mill, aud at least one hundred. farms.
Although somewhat elevated, this region is well protected. from the
winds by the lofty mountain wall that hems it on every side, and stock
can be kept on the grazing fields most of the winter, shelter and feeding
being but seldom required 7 and that but for a short time. I)assing
through here in October, 1869, we found. it clear of snow and. the weather
pleasant. We also procured here some of thefinestpotatoesl saw while
in the Territory. The extent of irrigable land may be estimated, in the
entire basin, at three hundred square miles.
Below this the mountains and hills again crowd down to the ri\er,
leaving only a few small openings suitable for settlement. But, as is
generally the case with these little mountain valleys in this portion of
the country, they are very fertile.
It is probably forty or :fifty miles from the lower end of this va11ey to
Caiion City, where the river leaves the mountains. From this point to
Pueblo, which is situated at the mouth of the "Fountaine Qui Bouille,"
the distance is forty miles. The valley of the river during this part of
its course is very uneven and broken. At one point the bottom will
spread out for five or six miles in width; then again it is shut iu by
rolling hills or elevated plateaus. Mr. Byers estimates the irrigab1e
lands in this part of the valley at two hundred square miles. But I am
inclined to think these elevated plateaus are not beyond the reach of
irrigation from the river. Take, for instance, the one immediately south
of Caiion City, which, according tom)- present recollection, is about one
hundred and twenty-five or one hundred and fifty feet above the watee
level, with the fall the river has in this part of its course, which cannot
be less than fifteen feet to the mile, I see no reason why the water could.
not be carried upon it. But it is possible Mr. Byers includes these in
his estimate, which certainl)T is not extravagant.
From Pueblo eastward the vailey is wide, with easy slopes right and
left to the elevated plains, much like the valley and bordering lands of
the South Platte. Therefore we may safely assume that, with a fall of
eleven feet to the mile, which the river has in this part of its course, the
extent of land which may be irrigated is only limited by the supply of
water. Starting from Pueblo with a width of two or three miles, there
is nothing to prevent widening the belt to thirty or forty miles, thus
giving between Caiion City and the eastern boundary of the Territory
at least four thousand square miles, or two millions and a half acres of
irrigable land.
The fact that a large quantity of the water of a stream like this sinks
out on the plains, should not be set down as conclusive evidence that
the bordering lauds cannot be irrigated from it; for, in the :first place,
they generally have much more water in them during the sea:;;on of the
year when irrigation is necessary than in the latter part of the summer
and fall, when not required. And in the second place, all the water
that comes down from the mountains may be retained on the surface by
tapping the streams above the point where it sinks. Suppose all the
water which flows down from the mountains in the Arkansas and its
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numerous tributaries was gathered into canals and equally distributed
over the broad plains of this part of the Territor,y, who will dare say that
four thousand square miles, yea almost twice four thousand, might not
be irrigated~ Then the simple point to be determined is, can this be
done~ I believe it can, and that when the demand for land in this district requires it, it will be done; the great obstacle here, as elsewhere
in these Territories, being to bring together that amount of capital
or force sufficient to construct these canals at a reasonable cost per acre.
The principal tributaries of the ArkanRas that fiow in from the south,
east of the mountains, are Hardscrabble and Greenhorn Creeks, (the St.
Charles is a branch of the latter,) Huerfano River, which has a large
tributary named Cuchara; Apishpa River, Timpas Creek, and Purgatory
River. On the north side, Fountain Qui Bouille River and Squirrel Creek
are the principal streams affording water.
Hardscrabble is a small stream running through a broken section, and
is skirted by narrow bottoms from a half to two miles in width, which
are low, easily irrigated, and quite fertile. The St.. Charles is a larger
stream, which traverses some arable lands, but is occasionally hemmed
in by bluffs. As I crossed it only at a deep, narrow cut, I am unable to
speak positively in regard to the extent of its valley, but I understand
considerable bodies of irrigable land are to be found along its course,
and that near its source is a valley of moderate size called Wet l\lountain Valley, which affords some good farming land. The Greenhorn
Valley also furnishes level land and irrigating facilities sufficient for
considerable agricultural settlements. The length of this valley is probably thirty miles, but what its average width is I do not know. Along
the Huerfano and its chief tributary are some of the best farming lands
in the district. Huerfano Park, or, as it is sometimes called, the Upper
Hnerfano Valley, which lies west of or behind the vVet Mountains, is
about :fifteen miles long and from three to :five miles wide, and is already
tolerably well settled. The valleys of these two streams are of moderate
width, but are occasionally interrupted for some distance by the upper
level, which presses close upon the streams, leaving only deep cuts or
caiions. But as the fall is rapid, the water could, without much difficulty, be brought upon the upper surface, thus largely increasing the
amount of tillable lands. Where we crossed the Cuchara, the bottom
was about one mile wide, but the second level, which is extensive, was
uot more than :fifty feet above the stream, and, as I learn, is generally
less than this height.
In regard to the valley of the Purgatory I know but little, as I did
not have an opportunity of visiting it. Its upper portion, I believe, is
narrow, and occasionally the bluffs close in upon the stream for several
miles; but the lower moiety is broader, affording room for extensiYe
settlements. There is, I believe, as a general thing, an ample supply
of water for irrigating purposes, but during the latter part of the season
the fiow becomes somewhat scanty.
Monument Creek, from its source to where it enters the Fountaine
Qui Bouille, is about twenty-four miles long, and affords water sufficient
to irrigate an average of only half a mile on each side. For a part of its
course it runs through forests of pine, where the growth is tall and fine
and well suited for lumbering purposes. The Fountain Qui Bouille, which
rises in the mountains northwest of Colorado City, has a run of about
:fifty miles, the immediate valley averaging about two miles. The plains
which fiank it are generally of but moderate height and slope down
gently, and can be irrigated, with but little difficult.y, to the full extent
of the water in the stream.
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This entire district affords broad and extensive gTazingfields for cattle
and sheep, and quite a number of herders and stock-raisers are beginning already to spread out their flocks and herds over these broad areas
of rich and nutritious grasses. One of the finest meadows, of moderate
extent, that I saw in the Territory, was on the divide near the head of
:Monument Creek, and near by was a large pond of cool, clear water.
The temperature of this section is somewhat similar to that of Northern
Missouri, and all the products grown there cau be raised hero, some with
a heavier yield and of a finer quality, as wheat, oats, &c., while others,
as corn, yield less and are inferior in quality.
An experiment made by .1\ir. John T. Smith, a short distance south of
Calion City, proves conclusiYely that such fruits as apples, peaches,
pears, and cherries will grow here without difficulty, and produce
abundant crops of excellent quality. I saw here peach trees in fruit
the fourth year from the seed.
SOUTH PLATTE DISTRICT.

As my report of 1869 covered this district, I will only add such additional facts in regard to its agricultural prospects and development as I
gathered the present year. The impetus given to the settlement and
cultivation of thjs district by the completion of the Kansas Pacific and
Denver Pacific Railroads is already manifest. At the mouth of the
Cache ala Poudre, where last year only a ranch or two were to be ~een,
is now a fine village. Farms are marked off in the valley and ou the
plaim;;, and extensive preparations made to test on a broad scale, next
season, the productive powers of this soil. A canal some fourteen or
fifteen miles long has been commenced and will shortly be completed.
This will bring water from the Cache a la Poudre and afford means of
irrigating some fifty or sixty thousand acres of the plains that lie north
of the Platte. And, if I am not wholly mistaken, that which has by
some been ridiculed as a barren cactus plain will produce crops of cereals
that will rival the heaviest yield of the richest lands of the States. I
may be mistaken, but will cling to the opinion, until contradicted by
fair experiments, that the uplands or ridges of this section, when properly irrigated and cultivated, will produce better wheat than the creek
bottoms.
The Kansas Pacific Railroad Company contemplate running a canal
from the mouth of Platte Oalion to some point near the head-waters of
the Republican Fork, a distance of one hundred and forty or one hundred and fifty miles. The rise between Bijou and Denver Junction may
present some difficulty, but this can doubtless be overcome by bending
round to the north, where the elevation is less. And the fall between
the mouth of the calion and Denver, which is probably two hundred
feet or more, may considerably lessen the flexure. If this great work is
completed we may see ere long the irrigated lands brought close to the
rain-moistened region; a belt of farms stretching from the .1\Iissouri
River to the Rocky .1\iountains. Such a consummation is certainly desirable. The "Great American Desert" belted with fields of golden
grain and pleasant homes would be a result not anticipated ten years
ago, and the very mention of which is ridiculed by many now, but which
those who carefully study the country do not concede as impossible.
NORTH PLATTE DISTRICT.

The boundaries of this district are more difficult to describe than
those of either of the other districts of the eastern division. Not be·
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cause they are any less definite, but because the water-sheds at some
points are not prominent, and have received no well-known and fixed
names. The following lines will designate the area embraced in the district with sufficient accuracy for present purposes :
Commencing at Long's l)eak, it runs west, and then north, leaving
the North Park to the right; from thence northwest, by way of Bridger's
Pass and Creston Station, it crosses over the plains to South Pass.
From this point it runs northeast between Little Popoagie and Sweetwater, and passes round the Rattlesnake Hills between Bad-Water and
Poison Spring Creeks. :From here, turning east, it passes along an
irregular range of hills to the southern extremity of the Big Horn :Mountains; then, turning southeast, passes between the waters of the Cheyenne and North Platte Rivers to the eastern boundary of the Territory.
Following the boundary line of the Territory southward, we may properly include Lodge Pole Valley, as its upper portion appears to belong
more to the North Platte slope than that of the South Platte.
These boundaries embrace an area of about twenty-five thousand
square miles, and, exclusive of North Park, nearly one-fourth of vVyoming Territory. With the exception of a few small sections, they include the most desirable portions of the Territory, and the greater part
of the arable lands.
This district is not only very irregular in its outline, but bears the
same -varied and irregular character interiorly. The mighty convulsive force which heaved up these vast Rocky Mountain ranges seems to
have obtained slight breathing places for its imprisoned energies at the
parks of Colorado, while here, with one terrific tllroe, jt llas scattered
tlle mountains and hills in wild confusion as a giant would scatter
pebbles. In the eastern portion, stretching north and south, is a range
of rough and lofty mountains, which, at its northern extremity, is rent
into· fragments and scattered in decreasing peaks and ridges to the
northwest. Along the southern border, turning in nearly every direction of the compass, are lofty ranges whose summits wear crowns of
perennial snow. Westward the mountain ranges trending northwest
sink beneath the immense deposit of local drift, which here covers the
mighty chasm, but they show themselves further north in the granite
peaks, which, ·like islands, shoot up from the Sweetwater Plains, and
further on emerge in the Wind River range. Between these irregular
surroundings lie the broad Laramie Plains, which might appropriately
be called the Great Park of Wyoming. Ent.i rely east of the Black Hills
we enter upon the plains which slope toward the Missouri River.
The area west of the Black Hills, as shown by the course of the
streams, and also by the barometer, slopes north and east, pouring its
waters through the northeast angle of the district. The average level
of "the entire district is higher thlln that of either of the others of this
division, the western portion being on an average about six thousand
five hundred feet above the level of the sea. The difference of level between the North Park and the mouth of the Sweetwater is about two
thousand feet; and between South Pass and the mouth of the Sweetwater about one thousand five hundred feet. The area east of the mountains varies from four thousand four hundred to six thousand feet above
the sea level.
On account of its altitude, and the direction and force of its atmospheric currents, the temperaturo of this district is lower than that of the
other districts east of the divide, within the bounds under consideration.
And as a general thing only those products adapted to a cold climate
and short seasons can be raised to any advantage. Yet it is exceed-
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ingly important to know, not only that a mining section can produce
the principal cereals, as wheat, oats, and barley, and the more useful
-vegetables sufficient to supply its own wants, but also to know something
in regard to the locality and extent of its arable lands. A few acres of
productive soil in the vicinity of a rich mine will often yield a greater
profit to the cultivator than a large farm in Ohio or Illinois.
It is difficult to give any very reliable estimate of the land susceptible
of cultivation in the bounds of this district, as much of it is in small
bodies of irregular shape; yet I think that by proper efforts at least
three thousand square miles, or about two million acres, cnn be brought
under cultivation. This may be thought an exaggerated estimate, \i'heu
we take il).to consideration the large proportion of the area occupied by
mountains, the barren tract south of the Sweetwater, and the deficiency
in the supply of water on the plains east of the Black Hills. But whru
more effectual means. of husbanding· the water are adopted, as by tapping the streams nearer their exit from the mountains, and keeping it
above the surface, by forming reservoirs, &c., the supply will be found
greater than at present supposed, and the estimate given, instead of being too large, will most likely prove to be too small. The cold cUmate,
it is true, is a serious obstacle, yet there are but few arable spots in the
district that cannot be made to produce useful crops of some kind.
The district is naturally divided into four sections, as follows: The
North Park, the Laramie Plains, the Sweetwater region, and the plains
lying east of the Black Hills, forming, as it were, a winding series of
vast steps from the mountain height to the broad plains below.
NORTH PARK.

This elevated mountain basin, in which theN orth Platte takes its rise,
lies entirely within the botmds of Colorado Territory. It is about
fifty miles long from east to west, and thirty miles wide from north to
south, containing a surface area of some eight or nine hundred square
miles. The elevation varies from seven thousand five hundred feet to
nine thousand feet above the level of the sea, the average being about
eight thousand feet.
The following description of this mountain cove, from a former report
made by Dr. Hayden, will convey a better idea of it in a few words than
anv description of my own. And, although several years have passed
since it was made, and glowing descriptions have since been published,
there seems to be nothing new added :
The North Park is oval or nearly quadrangular in shape. Viewing it from one of the
high mountains on its border, it appears like a vast depression whiqh mjght once have
formed tho bed of a lake. Its surface is rather rugged, yet there arc broad bottoms
along the streams, especially theN orth Platte and its branches. Scarcely a tree is to be
seen over the whole extent, while the mountains which wall it in on every side are dotted
with a dense growth of pine. The grass grows in the park quite abundantly, often
yielding at least two tons to the acre. Streams of the purest water flow through tho
l)ark, and there are some of the finest springs I have seen, a few of them forming goodsized streams where they issue from the ground. I am quite confident that this entire
park would make an excellent grazing region for at least six or ejght months of tho
year. The soil is very rich, but tho seasons must be too brief for the successful cultivation of any crops. Indeed, there is frost there nearly every night, and snow falls
every month in the year. On the north and east sides may be seen the snow-covered
ranges rising far above all the rest, their summits touching the clouds. On tho west
side there is also a short snowy range. On the west side long ridges come into the
park and die out in the plain, forming a sort of en echelon arrangement.

The soil is mixed with gravel and coarse sand on the ridges and upper
levels, but along the bottoms that flank the streams is rich and dark.
On the north side t~~re is a quite sandy area. If future experiments
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should prove that it is possible to raise valuable crops here, there will be
no difficulty in bringing the land under cultivation so far as the supply
of water iH concerned, for this is ample, and the fall sufficient to irrigate
all the lands which can be cultivated. It may be thought visionary ta
speak of a,griculture in this elevated, snow-bound cove, and the remarks
quoted imply that Dr. Hayden, with all his experience in this region,
looks upon it as impossible. But it is not best to conclude too hastily,
for if a number of rich mines should be discovered here and worked for
a few years, the demand for fresh vegetables might bring about, in practice, that which is considered impossible in theory. At least the scope
of my plan requires me to give an account of the arable areas, and the
facts in regard to the seasons, so far as known, leaving the battle with
climate to be determined by experiments.
And it is possible that a record of the seasons may show that it is
really no colder here than in South Park, which has a greater elevation
than this park, and is also partially surrounded by snow-covered mountains; but, as remarked in the introduction, latitude and elevation do
not always determine the climate in the Rocky Mountain regions. Be
this as it may, there is here a fine grazing field for cattle and sheep, but
these would require some feeding and occasional sheltering during the
winter months. Nature has provided amply the means to meet every
necessity in this direction; from the grassy valleys, at a nominal cost,
all the hay necessary could be cut; the mountain sides are bristling with
sturdy pines, and the rapid streams as they rush down from their fountains afford all the power necessary to drive mills to saw the lumber.
Of course, places requiring this trouble and expense will not be selected
while others equally good, which do not require it, can be easily found.
The North Platte, from its point of exit from the park to where it
reaches the border of Laramie Plains, passes through a rugged, mountainous region. Along the upper portion of its course its valley is very
narrow, sometimes amounting to nothing but a gorge. But as it de·
scends toward the northwest it is joined by several small trilmtaries, and
its valley widens, affording occasionally bottoms of moderate breadth,
especially near the entrance of Sage Creek, where there is a considerable stretch of fine wooded bottoms.
LARAMIE PLAINS.

This section is bounded on the east and northeast by the Black Hills,
on the west by the West Rattlesnake Hills, and on the southwest by
Medicine Bow Mountains. It is somewhat quadrangular in shape, its
average length from southeast to northwest being about ninety miles, and
average width from northeast to southwest about seventy-five milAs,
containing (exclusive of the surrounding mountains) a surface area of
about six thousand seven hundred and :fifty square miles, or nearly four
million five hundred thousand acres. It is drained chiefly by the
Medicine Bow and Laramie Rivers and their tributaries, both affluents
of the North Platte, which also traverses the extreme western border.
The Laramie, rising in the mountains at the southwest angle, flows along
the eastern border to the northeast angle of the section, where it breaks
through the Black Hills and joins the North Platte in the plains beyond.
The Medicine Bow, receiving affluents from each side, but principally
from the south, flows through the western part of the section and joins
the North Platte on the western border; which latter stream makes its
exit at the northwest angle.
The snrface_varies considerably in character and elevation, some of it
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presenting beautiful meadowy expanses, while other portions are rolling
and hilly and but sparsely covered with vegetation. The average elevation, as before stated, is about six thom;and five hundred feet above the
level of the sea; but, as will be seen below, different parts vary in height
as much as one thousand seven hundred feet, counting from the water
levels. As most of the streams in this t;;ection afford an ample supply of
water during the season when it is most needed for irrigation, their fall
becomes an important item in making up an estimate of the cultivable
lands. I therefore give the levels of the principal points of the three
larger. TheNorth Platte at the railroad crossing has an elevation of six
thousand four hundred and sev·enty-seveu feet, and at the mouth of the
Sweetwater nearly six thousand feet above the level of the sea, showing
a fall in this distance of about four hundred and eighty feet, or seven
feet to the mile. Medicine Bow Hiver at 1\Iedicine Bow Station has an
elevation of six thousand six hundred and ninety-eight feet, and at its
junction with the Platte about six thousand three hundred feet, a difference of nearly four hundred feet, or about eight feet to the mile.
Laramie H.iver at Laramie City is seven thousand one hundred and
twenty-three feet above the level of the sea, and at the point where it
enters the Black Hills about five thousand four hundred feet~ a difl'erenee
of oYer one thousan(l seven hundred feet, giving the very rapid fall of
eighteen or twenty feet to the mile.*
These figures develop the important fact that not only the bottomR,
but also the upper levels, exoept where they are very high, can be irrigated. This must increase our estimate of the cultivable lands of the
section to an amount considerably beyond the area of the immediate
bottoms.
The southeast part, to which the name "Lnramie Plains" is sometimes limited, is decidedly the best portion of the section, and contains
much the largest proportion of arable land. Counting from the head
of the Laramie Valley to Rock Creek it is about seventy miles long, with
an average width of about twenty-five miles, giving an area of seventeen hundred and fifty square miles. Although the west end of this
area contains the dividing ridge between tlle l\ledicine Bow and the
Laramie, yet I think we may safely estimate that one-half of it can be
irrigated and brought under cultivation. The greater portion of this
beautiful valley is covered with a rich growth of grass, and presents the
appearance of one broad meadow, over which the numerous herds of
cattle which are being gathered here to graze can be seen roaming. The
western part of this sub-section beyond Cooper's Lake presents a barren appearance until we reach the vicinity of Hock Creek. The creek,
although bordered by occasional bluffs, during most of its course is margined by fertile bottoms of moderate width, and tolerably well timbered
along its upper portion. Some of the southern tributaries of l\Iedicine
Bow pass through fertile valleys, which can be easily irrigated au<l
brought under cultivation. The main stream passes for some distance
between rocky bluffs, with small bottoms on the alternate sides, but is
generally flanked by a moderately wide valley, with here and there
groves of cottonwood. I have not visited the valley of this stream or
that of the North Platte, north of the railroad, but from the information obtained in regard to them, believe that by proper efforts they
would afford a considerable extent of tillable land. I have seen only a
* The elevations along the railroad are taken from the survey of that road. Tho
others are estimates made up from the barometric record kept b~· 1\fr. Beman during
the geological survey of the present season (1870,) and which he very kindly copied
and furnished me while in the field.
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part of the northern extension of the Laramie Valley, but judging from
that, and its rapid fall and the general features of the surrounding country, I am satisfied that not only the bottoms, but that a large amount
on the lower ridges and plateaus may be irrigated and cultivated. But
I am inclined to think that along a part of its northern course the bordering regions are quite broken, and that the belt of arable land there
is small. The northwest angle of the section is also probably quite broken
and uneven, affording very little arable land.
The climate, as might be inferred from the elevation and surroundings
of this basin, is somewhat severe, and the seasons short. . But the greatest drawback does not appear to be from these causes taken generally,
but from the occasional untimely frosts and gusts of snow which nip
the growing crops in the spring, or injure them later in the season when
nearly matured. The cold nights, as is general1y the case in these high
regions, retard the growth especially of the cereals. Yet, notwithstanding these drawbacks, the repeated experiments made during the past
four years have shown conclusively that useful crops can be raised here.
I visited Laramie City August 3, for the purpose of examining the
garden of Dr. Latham, who has charge of a military hospital at this
place, and who is experimenting with various vegetables and cereals in
order to ascertain what can be raised here. I found this garden to be
quite extensive and in a flourishing condition. Here I saw a small
piece of barley, full-headed, well stooled, and of medium height; also a
similar piece of wheat, which, though sowed late, presented a very fine
appearance. The potatoes and turnips were remarkably fine. Peas
grow very large and thrifty, as I can testify from the excellent onEs I
ate at the doctor's table, and which I saw gathered from the vines in his
garden. His beets were making a vigorous growth, as were also the following vegetables: winter squashes, cabbages, beans, lettuce, onions,
carrots, radishes, &c. I pulled some turnips in another field, which
were at least six inches in diameter, the seed from which they grew
having been sown the 15th day of 1\la~r. The tops were remarkably
large and succulent. I did not have time to visit the garden under.
charge of the officers stationed at Fort Sanders, but I understood it was
in a flourishing condition. These experiments, as I learn from a former
report made by Dr. Hayden, were commenced about 1866 by General
Gibbon, and have, with commendable zeal, been continued by the officers in command of the post.
Oats appear to grow and mature wherever tried in the valley.
These experiments, and others made along Laramie River, Rock
Creek, and at other points, continued as they have been for several
years, certainly settle the question as to the practicability of farming in
the Laramie Plains. The points where they have been made are the
highest on the Plains, and, I am rather inclined to believe, the coldest
portion.
Although this section may not be an agricultural region in the broader
sense of the term, yet its situation renders it a matter of deep interest
to know that the hardier vegetables, and such cereals as wheat, oats, and
barley, can be raised here; for, placed in the center of the mountains,
on the great thoroughfare between the Atlantic to the Pacific, with a
broad barren plain to the west, and a mountain stretch to the east, it
is very desirable to have here a halting place.
The business of the road. necessary at the termini of divisions, stockraising, temporary grazing of passing herds, lumbering, and probably
coal-mining, will bring here a consideraUle population.
There is perhaps no finer grazing section in Volyoming than this. The
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southeastern part is literally carpeted over with a compact growth of
rich and nutritiom~ grasses, which the water of the numerous little
streams that sweep down from the mountains keeps constantly fresh.
And the rain-fall, I judge, is greater here than in any other part of the
Territory, and it seems to be on the increase, which also appears to be
true around Cheyenne. I understand that stock can be wintered here without shelter a.n<l with very little feediug; in fact, large flocks of sheep and
herds of cattle, as will hereafter be shown, have passed the winter with
no other feed than the uncut grass of the valleys and plains. Hay in
abundance can be obtained along the creek bottoms at a nominal cost.
Dr. Latham informed me that his hay cost him this season, in the stack
where it was cut, but $3 per ton.
Timber, such as pine and fir, of an excellent quality, can be obtained
from the mountains along the southern border. A vast quantity is annually cut and floated down the Little Laramie and other streams for
lumber, railroad ties, &c. Some of the streams, especially along the
southwest border, are margined by groves of cottonwood, which will
furnish fuel and fencing material for that locality.
THE SWEETWATER REGION.

I cannot define this section better than by saying that it includes the
valley and bordering plains through which the Sweetwater Ri yer passes,
from the vicinity of South Pass to its junction with the N ortlL Platte.
This stream rises a little northwest of the pass, and flows almost directly
east about one hundred and thirty miles, connecting with the North
Platte near the exit of the latter from the Laramie Plains. For abont
twenty-five or thirty miles east of the pass, it flows through a rugged,
mountainous region, falling rapidly, and presenting no areas of importance that can be brought under cultivation. A short distance west of
St. Mary's Station it bursts from its mountain canons, and enters upon
a valley that continues, with some short interruptions, throughout its
course. The comparative uniformity of this valley will obviate the
necessity of any lengthy description of the different sections of it.
Beginning at South Pass, (on the summit,) with an elevation of seyen
thousand four hundred and ninety feet, when we reach the point 'iYhere
the river emerges from the gorge, we are still six thousand six hundred
and fifty feet above the level of the sea, having descended but eight
hundred and forty feet. Yet, at this highest point of the section which
can be counted as arable, we are five hundred and thirteen feet lower
than Fort Sanders, and four hundred and seventy-three feet below Laramie City. At the Three Crossings the height is onl,y six thousand ouP.
hundred and thirty-five feet, showing a fall between this point and the
head of the valley of five hundred and :fifteen feet, or about t'ivelve feet
to the mile. At Independence Rock the elevation has decreased to just
six: thousand feet, giving a fall between this and the last-mentioned
point of scarcely five feet to the mile. From here to the point where
the river joins the Platte the fall is, probably, some five or six feet to the
mile, as it grows a little more rapid as it approaches its debouchure.
We may, therefore, estimate the average elevation of the valley at six
thousand three hundred feet above the sea level.
For ten or twelve miles below the point where the stream emerges
from the mountains there is a very pretty fertile valley, averaging
about one mile wide, bordered on the right, and part of its length on
the left, with high bluffs. Most of it is covered over with a luxuriant
growth of grass, from which a supply is drawn for South Pass City,
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Atlantic City, &c. Near the lower end of this opening the left bank is
flanked by a second level or table, which might be reached by an irrigating ditch, a few miles long, and would give an additional amount of
farming land equal to the entire bottom. Below tllis the hills again
close in upon the valley for a few miles, and then separate, lea;ving a
-very pretty triangular area, containing some forty or fifty square miles
of quite level and fertile land, which can easily be irrigated. Toward
th~ north and northwest the hills slope clown so gradually that a considerable area along their lower margins could be reached with water
if the river would supply a sufficient amount for this and the bottoms.
The stream here is about thirty feet wide and one foot deep, and the
fall some ten or twelve feet to the mile. Here, as also in the vicinity
of what is known as St. Mary's Station, small colonies woulu find very
good locations; and b~T combining and digging large primary ditches
the land could be irrigated at a moderate expense. The only difficulty,
except the exposure to Indian depredations, would be the obtaining of
a supply of timber, which at the last point is scarce. ::Near St. 1\Iary's
no difficulty in this respect would be experienced.
From this point the river bends around to the northeast, passing
among the hills, and is flanked by alternate bottoms, of small extent.
To the south of the river, forming a chord to its circular bend, runs a
singular valley, which is some ten or twelve miles wide; and although
its surface looks exactly like the plateaus of this section, yet its general
appearance is that of the bed of a stream that was very broad and shallow. If the water of the river can be brought upon this le\-el, as much
land can be irrigated as the water of the river can supply. But as I
had no opportunity of ascertaining t4e height of this plain or valley
above the river level, I cannot say positively that the water can be
brought upon it.
Where the road again strikes the river, going east, there is a considerable expanse of arable land; and, although there is very little immediate bottom, the second level is quite broad and of moderate elevation,
which might he irrigated by cutting a ditch a few miles in length.
Below this, as we come near the " Three Crossings," the granite hills
set in and continue to flank the valley as far as Independence Rock.
Near the west end of this irregular range, for some seven or eight miles,
the rh-er breaks through it, and is closely walled in by lofty bluffs, with
here and there a little level plat containing a few hundred acres of fertile soil. Around the south side of these bluffs runs an open plain,
sm-eral miles in width, which probably might be reached by a ditch
some twel ,-e or fifteen miles in length. There is near the remains of the
old stage station (Three Crossings*) a very remarkable evidence of the
·effect of the wind: an immense deposit of sand in a bend of the granite
bill, piled up against the bluff like a huge snow-drift.
After passing through the gorge here the river enters a broad and
beautiful valley, the upper portion of which is thickly covered witb
chenopodiaceous shrubs, the lower part being covereu with a tall and
thick growth of grass. The soil, though somewhat sandy, is very rich
and light, and if irrigated would produce heavy crops of such products
as are adapted to the climate. The immediate bottoms are narrow,
sometimes entirely absent, but the second level is not more than ten or
fifteen feet above the water, and could be reached by a ditch four or
frye miles long. And I think it probable an area of 80 to 100 square
*These stations-St. Mary's, Three Crossings, and Sweetwater-have been abandoned
fm: some years, but I usc them to give names to the localities, as they are yet retained

on some maps.

GEOLOGICAL SURVEY OF THE TERRITORIES.

225-

miles could be brought under cultivation here, and as timber could be
obtained from the neighboring hills this would be a good point for a
settlement. The Union Pacific Railroad is not more than sixty miles
distant from this place.
In the vicinity of Hayden's Peaks,* the granite hills on one side an<l
bluffs on the other press close to the margin of the river for a short distance, then receding from each other in a circular sweep again come
close together a few miles beyond, inclosing a beautiful circular area
containiug some twenty or twenty-five square miles of fertile bottom
land, which, as it is but slightly elevated above the water, can be irrigated. without difficulty.
Passing the gate-like opening of the little park just described, we·
enter upon a broad valley, which continues without interruption to the
" Devil's Gate," about four miles above Independence Rock. A good
part of this valley is covered with" grease-wood" and sage, but the soil
is very fertile and will produce good crops. Muddy Creek, which comes
in here from the south, has a tolerably broad margin of levelland, but
I doubt about it affording ·water for irrigation. The breadth of land
here is probably equal to the supply of water. Around Indepenuence
Rock and for several miles above and below it are fine bottoms which
can be irrigated. Between the ri 'Ter and Horse Creek there is a broad
delta, whicll has an average elevation of twenty or thirty feet above the
beu of the river, but less than that above the level of the creek. This
plateau, and, in fact, a considerable area east of Horse Creek, could be
reached by irrigating ditches, but the ditch from the river would require
two short aqueducts at the Devil's Gate. The soil of this plain is
Rtrongly impregnated in some pl~ces with alkali, otherwise it is rich in
the elements of fertility. At present it is covered with "grease-wood"
and sa.ge, except in the little areas which are frosted over with alkaline
incrustations; but this is no longer a terror to the agriculturist, who
has learned how to manage it, if he only has an abundance of water and
sufficient drainage. Along the ridge lying north of this plain, around
the head-waters of Horse Greek and over the summit in the vicinity of
\Villow Springs, are some excellent grazing lauds. The country along
the Platte, from t.he mouth of Sweetwater to Poison Spring Creek, is.
broken and mountainous, and the river for part of the way runs tluough
deep gorges and falls in this distance over four hundred feet, tbe fall
from Independence Rock to Red Buttes being about :five hundred and
forty feet.
The length of the Sweetwater Valley, from its commencement above
St. l\Iar;v's Station to the Platte, is about ninety miles, and the average
width of the land which can be brought under cultivation may be safely
estimated at six miles. This would give a cultivable area of :five hundred and forty square miles, or about three hundred and :fifty thousand
acres for tllis section, besiues a few small areas on the upper portions
of the Sweetwater that may possibly be brought under cultivation and
made to yield some of the llardier crops.
I am aware that the dreary and desolate appearance of some parts of
"Immediately north of S\vcctwatcr l~iver, auont lat.ltude 42° 28', west longitude 10i0
24', the granite range bends around toward the west. On this semicircular portion thoro
arc three peaks; the ouc to the west shoots up in a sharp point, the one to tho east is
cleft by a deep notch, while the mid.<lle one is round and dome-like. As these prominent points had previous to onr ani\·al received. no names, the members of the party
named them " Hayden's Peaks," in honor of the leader of the expedition. On the map
compiled by Colonel William E. l\Icrrill, under order of General Sherman, entitled
"Map of Utah and Colorado,n aml pul>lished in 1869, they arc included under the
general name, "Granite Ridges."
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this sectic:1 whieh I have described as susceptible of cultivation will
have a tendencv to make some of the many who have traveled over this
old emigrant route mistrust my judgment.~ I may be mistaken in reference to the amount of land which can be brought under cultivation, for
this is only an estimate made up without measurement, (except the
direct distances as shown by the odometer,*) from estimates of the
various parts, but if the sur)ply of water does not fall short, I think this
is not too large. And I have learned that the dreary look a covering
of sage and grease-wood gives to the landscape is not to be taken as
any evidence of the sterility of the soil. I am also pretty well satisfied
that the climate here will prove more favorable to agriculture than that
of Laramie Plains, and that the cereals (except corn) and the ordinary
vegetables can be raised without any difficulty. I know of no experiments having been made in this section to show what can be grown
here, therefore have to judge from the character of the soil, elevation,
latitude, surroundings, and the temperature so far as I could learn from
those who had passerl through it.
As a grazing region it is inferior to the Laramie Valley, yet the river
bottoms and mountain slopes (the granite hills excepted) afford Yery
good grass. Timber is also scarce from the vicinit.Y of St. J\Iary's Station to the mouth. Here and there are groves of willow, and in the
upper valleys a few cotton-wood trees, but those which formerly grew
along this route, and which are mentioned by Fremont, haye nearly all
been destroyed by the emigrants and others \Vho have since traveled
the road. It is possible that when the stream is full timber may be
floated down from the mountains near South Pass.
THE EASTERN SECTION.

This section, the principal part of which lies east of the Black Hills,
constitutes the remaining portion of the district under consideration. It
consists of tlle valleys of the North Platte and its tributaries, from the
Red Buttes to the mouth of Horse Creek, on the eastern boundary of
the Territory. It also includes the valleys of Crow Creek, Larren's
Fork, and Lodge Pole to the boundary line, and the inter'\rening plains,
containing about nine thousand square miles, of which I estimate onesixth, or nearly one million acres, can be irrigated and rendered tillable.
I was at first disposed to set down the amount of land in this section,
susceptible of cultivation, at considerably less than these figures, but
when I examined the barometric recor(l showing the fall of the Platte I
felt assured my first estimate was too small. The elevation, as might
be inferred from the situation, varies considerably iu the different parts,
the northwestern and southwestern angles presentmg the highest points,
and the northeast the lowest_ In order to give an idea of the topography of the country, I herewith note the elevation of the principal
points bearing upon its facilities for irrigation on a large scale. Beginning at Red Buttes all'd following the Platte, which runs near the northea,st border of the section, the elevation above the sea level is as follows:
Red Buttes, 5,528 feet; five miles below the Old Bridge, 5,252 feet; river
bottom near Fort Fetterman, about 4,970 feet; t Port Laramie, accordto Fremont, 4~470 feet, and as given by Stansbur,y, 4,519 feet; mouth of
*I was careful to obtain the distances each day from Mr. Beaman, that my compari:s.ons might be made on the ground.
tThe barometric observation was taken on the La Prele, about two miles above Fort
Fetterman, where the elevation is just 5,012 feet ; I have deductec142 feet as t,hc probable fan to the river bottom.
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Horse Creek, 4,395 feet. From which it appears that the entire fall
from Red Buttes to Horse Creek is 1,133 feet, or an average of about
seven feet to the mile. The fall between the intermediate points are as
follows: From Red Buttes to·the Bridge, eighteen feet to the mile;
from the Bridge to Fort Fetterman, a little over seven feet to the mile;
from there to Horse Creek, about the same.
These figures develope a fact of the utmost importance in calculating
the agricultural capacity of this section. A fall of over one thousand
feet in less than one hundred and fifty miles, with the volume of water
found in this part of the river, will gi,·e the means of inigating an
immense amonut of land. But in regat:~ to this I will speak more fully
when I come to the more minute descrip.tiou of this part of the section.
The elevation of Laramie bottom, at the ~outh of Chugwater, i::5 about
four thousand five hundred feet above the level of the sea.* The Chugwater Valley, wht>re the stage road to Fort Laramie strikes it, has an
elevation of fi\·e thousand four hundred and sixty feet; Cheyenne, six
thousand and forty feet.
Poison Spring Creek is a small stream corning dow~: from the northwest, and entering the North Platte at Hed Buttes. It runs through a
very pretty valley, averaging about one mile wide, flanked on the west
by a broad plain, which gradually ascends .as it recedes from tile stream.
On the east the hills rise rapidly to a sharp ridge running parallel with
the creek. It has been stated that the ''atcr of this stream is poisonous,
but I noticed some of our animals drinking from it as we crossed it, and
I think one of the men also filled a canteen with the water for driuking
on the road. No bad effects followed. Some two or three species of
plants were also growing luxuriantly in the stream. The amount of
water at the time we passed it (August) was small, but sufficient to irrigate the immediate bottoms. The entire valle3~ was covered with a rank
growth of grass.
Near the Red Buttes, in the bend of the North Platte, is a beautiful
bottom of perhaps one thousand two hundred or one thousand five hundred acres of fertile soil. On one side of the river there is a thick grove
of cottonwood, willow, &c., but on the other (north) tile timber has been
destroyed by emigrants and others who have camped at this point.
Immediately below this the river enters a gorge or calion some eight
or ten miles long, where. as a matter of course, no cultivable land worthy
of note is to be found. The slopes toward the riYer, except for a very
short distance, are not so precipitous as to present any serious obstacle
to the cutting of a canal around them, if it Rhonld be found necessary to
tap the river this high up. On the south side a canal could reach as far
up as the mouth of the canon above Hed Buttes, but on the north side
the depression at Poison Spring Creek would present a serious obstacle
if commenced higher up than the upper end of the caiion. As the fall
between Red Buttes and the Old Bridge is nearly or quite four hundred
*The barometric readings taken by Mr. Beaman on the Lammie bottom, some two
or three miles above the mouth of the Chugwater, give four thousand five hundred and
thirteen feet as the elevation at that '{)Oint. Four very uniform readings were obtained,
the weather being clear and cool. The distance from this point to Fort Lammie i8
about twenty-one or twenty-two miles. Mr. Fremont gives the elevation of Fort Laramie as four thousand four hundred and seventy feet, while Stansbury, who; it seems,
camped on the same ground, or very near it, makes it four thousand five hundred and
nineteen feet. As we did not visit Fort Laramie, I have no means ot ascertaining where
the error lies. As Mr. Beaman's instrument did not admit of accurate readings nearer
than one tenth, a,n error of fifty or sixty feet might htwe occurred in his calculations.
As the Laramie runs pretty rapicUy, the fall between Chugwater a,ll(l the fort cannot
be loss than one hundred feet.
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feet, it would be sufficient to carry the water on the table lands which
spread out from here eastward. On the north side a short tunnel might
be necessary, but below this point, so far as I observe~, there would be
no other difficu1t.r than au occasional lengthy flexure round the head of
a dry ravine, and perhaps here and there a short aqueduct. On the
south side I think there would be less difficulty. I make no pretensions
here to engineering accuracy, as I only had time to take hasty glances
at the country as we passP.d. along in our somewhat rapid march. A
short distance below the Old Bridge I made an approximate estimate
of the volume of water in the river. I found that a cross section at the
low stage of water of that season (August) was equal to one hundred
and sixty by two feet, or three hundred and twenty square feet, running
at the rate of three miles per hour, or a discharge of two hundred and
sixty-four cubic feet to the second, which, earlier in the season, when
most needed for irrigation, must be much greater. With this amount
of water, and the considerable fall there is in this part of the river,
making ample allowance for errors in the elevation, a vast body of land
can be irrigated and brought under cultivation.
It is true that all this land on the north side of the river lies in an
Indian reservation, but this renders a knowledge of the fact only the
more important; for, in my judgment, if the Indian problem is ever
solved without destroying them, it will be by the aid of agriculture.
In order to show that the soil of this region is possessed of tbe elements of fertility, I quote the following remarks from General Fremont's
report, which will doubtless be corroborated by the report of the United
States geologist for the present year:
The nature of the soil may be inferred from its geological formation. The limestone
at the eastern limit of this section (between Fort Laramie and Red Buttes) is succeeded
uy limestone without fossils, a great variety of sandstone, consisting priucip:tlly of reel
sandstone and fine conglomerate. The red saudstone is argillaceous, with compact
gypsum or alabaster~ very beautiful. The other sandstones arc gray, yellow, and ferruginous, somethnes very coarse. The apparent sterility of the country must therefore
he sought in other causes than the nature of tho soil.. The face of the country cannot
with propriety be called hilly. It is a succession of long riuges made by the numerons
streams which come down from the neighboring mountain range. [By this he n.llmles
to the sonth sid~.J The ridges have an umlulatiug surface, with some such appearance as the ocean in au onlinary breeze.

I did not ha\e an opportunity of seeing the North Platte bottoms
but a part of the distance between the ruins of Fort Casper and the
boundary line. I \\ill therefore limit myself to a description of these
l)Ortions, from which a pretty correct idea of the whole may be formed,
as they are said to be quite uniform throughout.
In the vicinity of Fort Casper, on the south side of the river, there is
n, broad level bottom, some four or five miles in width, mostly covered
w"ith a rank growth of grass mixed with tall weeds, showing the soil to
be quite fertile and that it contains a moderate proportion of vegetable
mold. Below this a second level sets in, which is raised but a few feet
aboYe the lowest. This i8 one entire sage plain, and spreads out to some
eight or nine miles in width. Before reaching Muddy Creek, the low,
rounded hills approach the river for a few miles, narrowing the bottom
to a mere strip. At :Muddy it again expands to six or eight miles, and
is covered in l)art by a thick growth of greasewood. The creek, although
containing a considerable volume of water, is confined to a very narrow,
ditch-like channel, cut in the fine-grained soil, which here has a marly
appearance.
The opposite side of the rh-er for most of this distance is bordered by
10\Y bluffs, which seem to be the escarpments of a plateau from a ~mn
dred to a hundred and iifi''J feet high. At some points these recede from
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the river, leaving a narrow belt of bottom land. For ilome distance
abon~ Fort Fetterman there is a broad valley, partly bottom land and
partly the second level, all of which could be easily irrigated, and would
afford a fine farming region.
I think we may safely estimate the average width of the immediate
Yalley of the river, from Fort Casper, or the Old Bridge, to the territorial line, at four miles. This alone would give a culth~able area of six
hundred square miles. Add to this tho additional amount which can be
brought into use by the canals heretofore proposed, and the estimate I
ha\o given for this section will not appear too large.
West of Fort Fetterman, Deer and Box Elder Creeks flow into the
Platte from the south, each affording a narrow belt of irrigable land,
and fields of excellent pasturage, the principal suppl,y of hay for the
fort being cut from the valley of Deer Creek. The La Prele, which connects with the Platte near the fort, is bordered chiefly by high bills and
bluffs, its bottoms being narrow and irregular and the supply of water
small.
There is one thing which will probably have a tendency to retard the
settlement of this part of the Platte Valley; that is the wind. Our attention was first called to this while crossing a broad valley a few mil('S
south of J?etterman, where a strong and constant wind swept down upon
us from the west. vVhile camping on the La Prele this was of dail.v occurrence; a.n d from Fetterman to Poison Spring Creek we felt its effects
each day, except 1vhen sheltered behind some bluff or ridge. While
crossing the river near old Fort Casper, and for a few miles along the
north uank, where we were directly opposite the mouth of the gorge,
the wind was so strong that we were compelled to tie our hats upon our
heads, yet the day was clear and sunny.
Fremont in his report says this place is celebrated for winds, of which
the prevailing ones are west; which corresponds with our experience,
with this exception, that when south of Fetterman they came from the
northwest. Stansbury, while in tho vicinity of Box Elder Creek, speaks
of a " brsk wind from the north west," adding that the morning was
bright and cool. And he also states that after he had passed through
the gap to the vicinity of Poison Spring Creek, ''the wind rose from the
south west and blew almost a hurricane the wlwle day, tearing up the
sand and gravel, and <lashing it into our faces, as we rode, with such
violence as to cause sensible pain." And the cause of this I think is
apparent. llere the mountain range is completelJT severed, and an open
gap exists between the western and eastern plains. Through this the
cooler surface atmosphere of the higher mountain plains rushes down to
fill the space left by the warmer ascending air of the broad eastern
plains. It is true this kind of movement is going on along the entire
mountain range, but it is in a quiet manner, while here the entire volume from a broad expanse is pressed through a narrow channel, and as
a necessary consequence the current is strong. Having passed through
the gap it expands upon the open ~pace to the east, sending currents
along the valleys north and south.
Between Fort Fetterman and Laramie River a number of streams
rising in the Black llills run east and empty into the Platte, the most
important of which are the La Bonte, Elkhorn~ Horseshoe and Bitter
Cottonwood. The La Bonte <lrains a very pretty and fertile valley
which is of moderate width, and is covered at points with groves of
cottonwood, willow, &c. This \alley is pretty well shielded, for most of
its length, by high hills which border it on each side, and presents a good
point for a small fal'ming settlement. Horseshoe and Elkhorn Creeks
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are flanked by narrow bottoms, but as the supply of water is not constant throughout their course they cannot be depended upon for irrigating purposes unless the water is brought down by ditches which begin near the mountains.
The bottoms of Bitter Cottonwood are only of moderate width, but
for most of its length these are bordered by second levels of considerable width which are quite low. The water of this creek is probably sufficient, in the :first part of the summer, to irrigate the entire lands in
reach, but late in the season it would be deficient.
The soil in this valley is not so good as that of the La Bonte.
The valleys of the Laramie and its principal tributary, Chugwater,
present the most desirable points for agricultural purposes in the section. In fact I consider the short valley of the Laramie River, from the
mountains to the Platte, one of the choice spots of the entire district.
The elevation being about one thousand five hundred feet less than
Cheyenne, and two thousand six hundred feet lower than Laramie City;
and shielded from the winds by the mountains on the west, and the high
bluff's and hills on the north and south, it possesses a climate several
degrees warmer than most of the section, and is not so liable to be 'Tisited by those untimely frosts and snows which often do so much injury
to crops in this mountain district. The extent of the bottom is not very
great, the entire area probably not exceeding seventy-five or eighty
square miles, yet the fall of the river and volume of water are sufficient
to irrigate much of the bordering table lands. The supply of timber is
ample, the mountain heights affording an abundance of pine and fir for
lumber, and the groves of the bottoms cottonwood for fuel, &c.
Fremont bears testimony to the moderate climate, saying, " The winter here is remarkably mild for the latitude; but rainy weather is frequent, and the place is celebrated for winds, of which the prevailing one
is west. An east \rind in summer, and a soutll wind in winter, are said
to be always accompanied with rain.'' vVhat he says in regard to the
place being celebrated for winds is certainly true, as a general rule, and
while this may apply directly to the eastern end of this valley and the
ta,ble lands, I think the bottom lands are generally screened by the hills
and bluffs.
Stansbury, although unfavorably impressed with tllis region generally,
remarks in regard to the lower part of this valley, "That he has no
doubt that, with the aid of irrigation, the bottom land of Laramie Creek
may be made to produce abundant crops ;" and that '' llay is cut auout
eigllt miles up the stream in quantity sufficient to supply the garrison."
The Chugwater runs northeast for some tllirty-five or forty miles
along the base of the Black Hills, watering a beautiful valley, whieh
aYerages about two miles wide. This valley is bordered on each side
by high bluffs, wllich wall it in for the greater part of its length. The
bottoms are very fertile and easily irrigated, and the supply of water is
probably sufficient for this purpose, although it appears to sink at some
points and then rise again, but if drawn off' by irrigating ditches this
would be prevented and the supply would be constant.
Horse Creek and its af:f:luents furnish a considerable amount of valley
land and level bottoms, but, with the exception of that found along- the
main branch, which rises in the mountains, little of it can be brought
into use by the nsual system of irrigating, as the supply of water is not
constant. Heservoirs along the little affiuents would be the means of
bringing a large body of land under culture. The same remarks will
apply to Larren's Fork, which, as it is not a mountain stream, dries up
in the latter part of the season.
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Lodge role Creek is an isolated stream rising near Cheyenne Pass
anu flowing with a moderate fall eastward through a narrow valley,
bor:dered each side by broad, rounded ridges. The amount of bottom
lana .is limited, but as much, perhaps, as the water in the stream will
supply. It is probable that by commencing a canal near the mountain
a much larger and more constant supply could be obtained; and the
upper lands and broad ridges can easily be reached if water can be
obtained.
Crow Creek rises in the Black Hills west of Cheyenne, and, running
east for a short distance beyond this city, bends south and passes into
Colorado. Although the valley is narrow and the stream small, its situation renders it important, and efforts are now in progress which will
probably develop the entire capability of the stream. If the supply of
water was sufficient the entire plains around the city could be irrigated
and the land made to produce useful crops.
I have been informed that the Union Pacific Railroad Company intend
shortly to take steps to irrigate some of their lands in the southeast
part of vVyomiug by canals, but as they neglected to furnish any information on this point, I can state nothing positively in regard to it.
I am of the opinion that the rain-fall is on the increase in the immediate vicinity of this city, and that as the land is irrigated and brought
under cultivation, this increase will become more rapid. And the importance of the snQject and locality will be sufficient excuse for my giving
my reasons for this opinion.
While remaining in camp at Fort D . .A. Russell for several days in
1869, and also in 1870, I noticed that the rains would generally commence
several miles to the west, and moving north for some distance ·would
wheel around eastward awl then bear down upon us from the nort't. I
think nine out of ever,-y~ ten followed this course during the time I noticed tbem, which was in the montbs of July and A ugnst. As Cbeyenne
Pass, ·which lies north of the fort a few miles, affords a depression
through which the air from the west rushes down, we may conclude tbat
a large eddy in the surface currents exists here. I know nothing in
regard to the course of the winter rains and storms. If I am right,
then the influx of population iuto the southern rim of this eddy will, by
increasing the evaporating surface of the water, increase the amount of
rain in this circuit. These remarks, as a matter of course, only appl~y
to the limited rains of tbe spring and summer.
This section has a milder climate than any other portion ·of the district, yet its parts differ considerably in temperature, corresponding
somewhat to the elevation and freedom from prevailing winds. .A~::; the
population is confined almost exclusively to Uheyenue and vicinity, we
have no means of comparing records of the seasons.
AU the agricultural products which can be grown in the other sections
of the district can be raised here; and in addition to these it is very
probable that corn can be raised in the lower valleys.
!
Fine grazing fields are to be found throughout the section, in the yalleys and along tbe slopes of the mountains, and even where there are
no running streams wells may be dug and water found at moderate
depths, which can easily be raised by wind-mills in sufficient qua~tity
to supply stock and possibly assist in irrigation.
Timber in abundance can be obtained along the mountains and on
some of the streams from Obugwater north. I believe some saw-mills
have already beeu erected on the upper portions of the last-named stream.
The soil and face of the country is very similar to the South Platte
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district until we pass Laramie River going north, when it begins to
assume the wave-like appearance noticed by Fremont.
Some experiments have been made in farming and gardening around
Cheyenne, at Fort Fetterman and other points, "\-Yhich are, perhaps, the
coldest portions of the section, yet the results, so far as I can learn,
have been quite favorable.
THE WIND RIVER DISTRICT.

As I did not have an opportunity of visiting this district, I can only
give such information respecting it as I derived from others. The principal facts in regard to its extent and productions were obtained from
:M ajor Baldwin, who is thoroughly acqu~inted with it, and who has a
farm there under cultivation. I also saw specimens of its productions
in quantity, which were brought to South Pass City for sale, which verified the statements made to me respecting its climate and fertility. It
is drained by the Wind (or Big Horn'X<) River and its tributaries, and is
situated between the Wind River Mountains on the west and Big Horn
l\iountains on the east. From the borders of Little Popoagie to the Big
Horn Canon, ih; length is about one hundred and seventy-five miles, and
the average width of the country drained being about one hundred
miles, giving ·an area of seventeen thousand :five hundred sqm.1,r e miles.
It is suppo8ed that one-twelfth of it, or about one thousand four hundred square miles, can be irrigated and cultivated, but as I was unable
to obtain any estimate of its subdivisions, except that of the principal
valley, I cannot say that this is approximately correct, but I do not
think it exaggerated if the reports as to the supply of water be true.
Wind River rises in Wind River Mountains, on the west side of the
district, and, flowing a little south of east for some sixty or seventy
miles, bends abruptly north, which is its general course from tl1is point
until it passes out of the Territory. The length of its valley is e~timated
at two hundred miles, and its width from two to :fifteen, but it is interrupted at some points, especially a,t the irregular range of hills or mountains that crosses the district from east to west near the middle of its
length.
The following tributaries flow into the main· stream on the north and
west side: The North Fork, Owl Creek, Gray Bull, and Stinking Water
Creeks. On the south and west side are the following affluents: South
Fork, Buffalo Bull Creek, Big Popoagie River, Beaver Creek, and NovVood River. Little Wind River and Little Popoagie Creeks are tributaries of Big Popoagie. All of these streams are bordered by more or
less arable land, which is generally quite fertile and can be irrigated, as
the supply of water is ample. I understand the Indian agency here
intends cutting a canal and drawing the water from Wind River above
the bend, which, it is estimated, will irrigate several thousand acre8.
All of these streams, except No-Wood River, are skirted by heavy
growths of cottonwood and willow. Wheat, oats, and barley can be
raised with ease, the climate being sufficiently mild and the season of
sufficient length for them to mature, but it is rather severe for corn.
Potatoes and cabbagRs grow :finely and of pretty good size, but the
turnips I saw, if a fair sample, did not indicate a favorable locality for
their production. Somewhat to my surprise, the beans raised here, of
which I examined several bushels in the green pods, were very large,
plump, and well :filled, ·which would indicate a freedom from late frosts
*This stream is called "Wind River until it passes through the first range of mountains, north of which it has received the name of Big Horn River.
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I did not expect to find here. But since that time I have learned some
facts which go to show that there are some valleys and localities even
north of this, especially on the "·Test side of the range, 'vhere the climate
is comparatively mild, and where not only the lmrdier cereals, but cora
can be raised, and will prod nee a moderately good crop.
I do not know what the elevZLtion of this valley is, but am inclined to
believe that it is lower than that of the Sweetwater. l\fajor Bald \vin
thinks that it will not average more than five thousand feet above the
level of the sea.
I believe the greater part of this district is embraced in an Indian
reservation; but, as I have heretofore remarked, this only makes a
knowledge of its agricultural capacity the more important.
THE ·wES TERN DIVISION.

A full consideration of the territory on the western slope of the great
divide, lying opposite to that in the eastern division, would include, not
ouly the Salt Lake basin, but also the vast district drained by the Hio
Colorado of the vVest and its numerous tributaries. But this I am unable to do, especially in regard to the latter; for while my observations
and information extended over the greater part of the Great Salt Lake
basin, they were limited, in the Hio Colorado district, to a part of the
Green River couutry, the valley of the Rio Virgin, and tho head-waters
of the San Juan and Flax Hivers. The last two I have embrncetl in mv
report on New 1\Iexieo, and the valley of the Rio Virgin I \Yill include
in a description of the Salt· Lake district, leaving only the Green Hi ,~er
section to be described separately. This, I am aware, breaks in upon
my plan of making each separate water system a district, hut as 1 am
unable to carry it out in this case, I thought it best to throw the different parts of the Territories togetHer as much as possible consistent 'vith
the general plan.
This division is a part of the great inter-alpine trough lying between
the Rocky :IVIountain and SierraNevada ranges, which terminates north
in the plains of the Oolum bia, and is lost in the south in the broad
plateaus of Arizona and 1\Iexico. Its situation, RO far from the immediate Pacific slope and l\lississippi Valley, with immense rugged rauges
of mountains. on each side, and yet on the liue of travel between the
.Atlantic and Pacific shores, renders a knmvledge of its agricultural
capacity of great importance. And a more co npletc in\Testigation on
this point by the Government would not be money speut in vain.
The lowest level of the area under consi<lf'ratiou is I"~ached in the Salt
Lake Valley, which is about four thousand three hundred feet above the
sea, while various arable points in each district are found as high as
seven thousand feet.
TilE GREEN RIVER DISTRICT.

I regret my inability to describe this district in full, not only because
without it my work is incomplete, but more particularly because I think
there is here a large body of irrigable land, which is unoccupied. It is
probable that the portion of the area, drained by Green Hiver and its
tributaries, which lies within Wyoming Territory, amounts to some fifteen thousand or sixteen thousand square miles. The southeastern
part consists principally of broad barren sage plains, with out little
'\Yater, and is, as a general thing, of but little value, unless it can be redeemed by means of artesian wc:U.s. The southern part is composed

234

GEOLOGICAL SURVEY OF THE TERRITORIES.

clliefly of boulder ridges and plateaus, with washed and bluffy escarpments, in couscqucucc of wllieh the term "bad. lands" is sometimes
applied to it. This sect.i on is partially supplied with streams bordered
with narrow arable strips, which can be irrigated, and, notwithstanding
·ilwir barren appearance, are really quite fertile. The southwest corner
is broken and mountainous and contains very little land that can be
culti \Tated, hut includes some fine grazing fields. The northern triangular section, lying between the \Villd River and Wahsateh 1\'Iountains,
contains the greater part of the arable land in the district, and is divided into three distinct parts or sub-sections, as follows: the Green
RiYer Valley, the Big Sandy Valley, and the broad, somewhat elevated
plaills lyillg between them.
Green Hiver, rising in the Wind River Mountains near Fremont's
Peak, runs in a southerly direction for about one hun<lred and twenty
miles to the 42d parallel, where it turns southeast., and is joined by Big
Sandy, where it crosses the llOth meridian. It continues the same
course, after receiving the waters of the Big Sandy, to the crossing of the
Union Pacific H.ailroad, where it again turns south and passes out of
the Territory. Between its source and the 42d parallel it is joined by a
number of small affluents that flow down from the mountains on the
west, the more important of which are, Lead Horse, 1\Iarshy, \Vhite
Clay, Butternut, Piney, La Barge, Fontenelle, and State Creeks.
Although I have not had an opportunity of a full examination of this
part of the section, yet I am satisfied there must be a large amount of
arable land that can be irrigated by the waters of these creeks. And
this opinion is strengthened by observing the volume of water in the
river above its junction with the Big Sandy, for where we crossed it in
September, (the time of year when its waters are low,) it was about oue
hundred and twenty feet wide, with an average depth of fifteen inches,
and running very swiftly. There is but one stream of any importancethe New Fork-that comes in from the east, but this is the longest tributary north of the bend.
I (lo not know what the fall of the river is, but it must be considerable,
as its current is rapid and its bottom, where I saw it, covered with clean
round pebbles. I suppose it cannot be less than eight or ten feet to the
mile, which is sufficient to reach the surface of the broad plateau that
spreads out east of it. If I am correct in my conclusions, it will be possible to irrigate ~body of land equal to the entire capacity of the stream,
and we may therefore safely estimate the amount of land in this section
which can can be brought under cultivation at eight or nine hundred
square miles. It is true this estimate is based on slender data, but I
think it cannot be too large, for the Green River bottoms alone will
make one-fourth of this amount, while the larger irrigable area is on the
second le\Tel or table lands, which vary from fifteen to fifty feet in height,
above the waters of the stream and spread out to great width. The
broad tract that sp.reads out between this river and Big Sandy is level
and sandy, presenting a barren and desolate appearance, on which account it is sometimes called "The Colorado Desert." It is covered with
a low growth of Artemisia, ancl a close examination of tho soil shows that
it possesses the clements of fertility, and only needs the addition of water
to make it productive. Although the supply of water from Green R.iver
is not sufficient to irrigate all this extensive tract it will furnish a broad
belt of it. Tho Big Sandy rises in the Wind River range a few miles to the
northwest of South Pass, and runs south until it is joined by the Little
Sandy-its principal tributary-when, bending southwest, it continues
this course until it joins Green River-. The upper portion passes almost
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its entire length through a le-vel sage plain, averaging about twenty-five
or thirty feet higher than the surface of the creek. The immediate bottoms arc generally narrow, and often wanting on one side. The fall
of the creek here is sufficient to carry the water on the plains, but tbe
supply is not sufficient to irrigate a belt more than a mile or two iu
width. The country bordering the upper portion of Little Sandy is
somewhat broken and hilly, particularly on the east side, but it enters
the plains before it is joined by Pacific Creek, and is flanked throughout l>y all the levelland its waters can irrig·ate.
The Big Sandy, from the point where it is joined by the little Sandy
to its mouth, runs through a narrow valley, generally flanked on one
side by tolerably high bluff's, which are the margins of the eleYated
plains that here rise from seventy-five to one hundred feet al>oye the
creek. The average width of the immediate bottoms is, perhaps, half a
mile, but the upper level can be reached with canals a few miles long,
and the breadth of cultivable land increased to the full extent of the '
supply of water. The elevation of the little Sandy bottom~ just abmTe
its junction with Pacific Creek, is six thousand four hundred and fifty
feet aboye the sea, while that of Big Sandy bottom near Big 11imberstwenty-five miles by tho road from the former-is five thousand eight
hundred and eighteen teet. This shows that between these l)Oints
there is a faU of over twenty feet to the mile. Ten miles further down,
where it empties into Groen River, tho altitude is five thousand fiyc
hundred and six feet aboYe the sea level, showing a fall of nearly thirty
feet to the mile, which is sufficient to reach the highest plateaus which
border the valley.
Although I traveled over this sub-section, and noted carefully everything observable bearing upon its agricultural capacity, yet I am unable
to form any very reliable estimate of tlle area of its irrigable lands. This
difficulty arises from a want of information concerning tlw volume of
water these streams send uown during the irrigatiug season. If, as is
probably the case, they are much larger at that season than when '"e
erossed them, then the estimate of the tillable lands must be much
larger than if judged by the water at the time of our visit. Assuming
tltc larger volume, I would place the estimate at about one hundred and
twenty square miles in this sub-section.
The average elevation of this entire section is between five thousand
fi,~e hundred and six thousand five hundred feet above the sea level,
which is lower than that of the Laramie Plains, but the climate is not
so temperate as that of the Salt Lake basin. Wheat, oats, barley, and
such roots and Yegetables as are mentioned as growing at Laramie City,
can be raised here.
'rhe north part of the Green River Valley may have some good grazing fields, but neither the lower part of this valley nor that of the
Sanuy afford any very extensive or valuable areas suitable for pasturage.
There is some cottonwood along the Green River and the lower part
of Big Sandy, but as a general thing this entire region is destitute of
timber, none being found nearer than the mountains.
The remainuer of my report on this district relates only to such
detached portions as were visited by the expedition.
Black's Fork, to the point where it is joined by Ham's Fork, is bordered by a bottom of moderate width, which will affor<l space for a
number of farms, and a grazing area of considerable extent. At the
time of our visit to this place, a drove of one thousan<l cattle was resting and feeding here, preparatory to their departure west. This stream,
to its junction with Green River, is flanked by narrow bottoms, which
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arc fertile and well grassed, as a general thing, and which can easily be
irrigated. As there is a tolerably good supply of water during the growing season, it is probable a portion of the- uplands, where level, can be
irrigated, thus increasing the tillable area. The higher plateau between
this stream and Henry's Fork is beyond the reach of irrigation, but
between this and the streams around it runs a lower level, varying in
breadth from a few rods to ten or twelve miles, and generally about
fifteen or twenty feet above the immediate creek bottoms. This leYel,
which is mostly covered with a thick growth of artemisia~ can be irrigated as far as the supply of water will go. The broad expanse around
Church Butte can be reached by a canal some eight or ten miles in
length, but the supply of water in Black's Fork js hardly sufficient
to justify the expense. A canal might probably be cut from Green
River, commencing some eighteen or twenty miles above the railroad,
"·hich would not only irrigate the broad level portions of the plains
lying west of the river and south of Ham's Fork, but if a suitable place
for crossing Black's Fork Valley with an aqueduct can be found, might
also suppl:r the first level south of the latter stream.
Around Fort Bridger, on the head-waters of Black's Fork and its
tributaries, Smith's Fork and Cottonwood Creek, are some fine farming
lands, and on Smith's Fork a number of farms are already in culthTation,
producing fine crops of wheat, oats, barley, potatoes, &e. The tillable
area in this neighborhood amounts to several thousand acres.
A proposition has been made to rnu a branch railroad from some
point on the Union Pacific Railroad near Carter Station, np Smith's
Fork, to the Uintah Mountains, in order to reach the abundant supply
of pine timber to be found there.
The altitude of Fort Bridger is about seven thousand feet above the
sea level.
Concerning the country east of Smith's Fork I quote from the journal
of Dr. Turnbull, as during the passage of tl1e expedition over tllis section I was absent examining- tile lands of Utah:
"From Fort Bridger to Henry's Fork, '""ith the exception of the \alley
of Smith's Fork, the country has a sterile appearance and is withont
means of irrigation, being generally coy-ered with a scattering au<l
stunted growth of artmnisia.
''Henry's Fork traverses a beautiful valley, sometlling like thirty miles
long and from two to five miles wide, can be easily irrigated, and will
produce heavy crops of cereals and the hardy roots and \egetables.
At present it is covered with a. luxuriant growth of grass, from which
not only a supply for the military post is obtained, but also for shipment
to other points. During the time of our passage through this region,
some twenty-five hundred head of Texas cattle were resting and feeding
at Brown's Hole.
"The \alley of Green River, between Black's Fork and Bear Ri-ver, is
generally narrow, varying in width from a. few rods to three or four
miles, but as we approach the mouth of Vermillion Creek it widens out
into a broad, bay-like valley about twelve miles long and seven or eight
in width, which is one broad meadow. On the east side of the ri-ver,
between Currant and Red Creeks, there is a broad sage plain of moderate elevation, which could be watered from the river by means of canals
a, few miles long, and, although having a barren look, would doubtless
produce good crops.
"From Bitter Creek east, until we reach Muddy or Washakie Creek,
a tributary to Bear. River, the country is desolate and uninviting, and
the water generally bad, being impregnated with alkaline matter. At
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the latter plenty of good grass is to be obtained, but the irrigable and
tillable area is limited."
From the data obtained by the expedition while in this section, I am
led to the conclusion that a thorough investigation of the northeast part
of Utah and northwest part of Colorado would reveal the fact that
there is a large area of land there which can be cultivated, not in extensive bodies, but in long narrow valleys and belts. But it is probable
the reports of others, who have been making some examinations of
this mountainous region, may supply that which we have to omit for
want of information.
Timber is abundant along the slopes of the Uint~h Mountains, and
some of the valleys are tolerably well supplied with cottonwood.
SALT LAKE DISTRICT.

This district, which lies partly in Utah and partly in Nevada, is a
\ast elliptical basin about three hundred and :fifty miles in length from
north to south, and varying from fifty to three hundred miles in width,
being on an average about one hundreu and eighty or one hundred and
ninety miles wide, and containing an area of some sixty-five thousanu
square miles. As there is a large portion of this territory which is but
little known, and which has never been examined with a view of ascertaining its agricultural capacity, it is very difficult to giYe even an approximate estimate of the cultivable lands within its bounds. Omitting
what may hereafter be discovered to be cultivable in the western section,
I think we may safely place the estimate at three thousand square miles,
or about two million acres.
An irregular range of hills or mountains starting from the west side
of Salt Lake runs south a little west of the 113th meridian to the 38th
parallel, when it bends southeast and forms an imperfect junction with
the southern extremity of the Wahsatch Mountains. By this range the
basin is divided into two unequal parts, that on the east, which contains
nearly all the known arable land, being much smaller than the western
section.
This latter portion consists chiefly of broad, flat, sandy plains, often
destitute of vegetation, and in many places covered with saline incrustations, showing plainly that the lake formerly extended over a much
larger area in tbis direction than at present.
As this western section, so far as known, contains but very little
arable land-tbis being limited to the extreme southeast border-and as
the entire basin consists of minor basins with distinct water systems, I
shall not attempt to consider the district by sections, but will describe
it by the minor basins and valleys, so far as I have visited them and
obtained reliable information concerning tbem. Leaving out of the list
the broad northwestern plains, the following are the more important
minor basins: the Salt Lake Basin, Hush Valley, Sevier River Basin,
and Beaver Hiver Basin.
SALT LAKE BASIN.

This basin embraces the territory immediately around the lake, and
that drained by the numerous streams that flow into it, of which the
principal ones are Bear, Weber, and Jordan Rivers, the last mcluding
as its tributaries the streams that discharge their waters into Utah
Lake.
This basin is nearly two hundred miles in lengtb, and covers over

23 8

GEOLOGICAL SURVEY OF THE TERRITORIES.

one-fourth of the entire district; and within its bounds are contained
the choice lands and chief population of Utah.
Beginning at the north end of the lake, and moving east and then
south, I will describe the country, so far as my observation and information extend, by valleys, in the order in which they come.
I did not visit either Hansee Spring Valley or Blue Spring Valley,
which lie north of the promontory; nor did I succeed in obtaining any
very definite information concerning the agricultural capacity of either;
but from all I could learn I am satisfied they contain very little arable
land. The former is not supplied with streams that "~in furnish water
for irrigation, and the principal stream in the latter is very strongly
impregnated with saline matter. The southern portions of these vall~y~
have a barren appearance, and are but sparsely covered with vegetation;
the soil is also saturated with salt or alkali. Farther north there are
probably some better portions and some small areas susceptible of cultivation, and grass may also be found near the mountains.
The l\Ialade Valley,~which extends north into Idaho, is drained by
the Malade River, and is a very pretty, fertile section; and, including
the shore of Bear River Bay, is about forty miles long, with an average
width of five miles. It contains about one hundred and fifty square
miles of land which may be irrigated, and in the northern·part are some
fine fields of grass. Although the Malade River is narrow, it sends
down a considerable volume of water, sufficient, I think, to irrigate all
the levelland of the valley as far south as the" gate," or canon, through
which Bear River emerges. }1~rom this point water can be drawn from
the latter stream to irrigate the south end of the valley. .Although a
portion of the laud near the bay may be unfit for agricultural purposes,
yet several thousand acres can be brought under cultivation in the
vicinity of Corinne, where it would doubtless prove quite profitable.
The Cache Valley, the next one to the east, is an expansion of the
otherwise ribbon-like valley of Bear River, and extends north and south
from the divide between :Muddy aud Box Elder into the southern border
of Idaho. Its length from Paradise to the mountains above Franklin
is about fifty miles, varying in width from six to sixteen and averaging
as much as twelve miles. About one-half of its area, or three hundred
square miles, can be irrigated and rendered suitable for cultivation.
Not only can the bottoms be irrigated, but the benches and uplands
between Paradise and Franklin may be reached by digging ditches a
few miles in length; for, in addition to the river, there are numerous
little streams running down into the valley from the W ahsatch 1\iountains on the ea~t, as follows: lVIuduy, Blacksmith's Fork, High Fork,
Gros Bois Creek, and Logan's Fork, and Rush Creek from the west,
all of which afforu water.
This is probably the finest grazing section in the entire basin, ,and situated as it is near the junction of three railroads, must become a favorite
pasture ground for stock-raisers and stock-traders. Occasionally, feeding may be required for a short time in the winter, on account of the
snow, but this ~eldom extends over three or four weeks during the season. This is also one of the best wheat-growing valleys in the district,
being second to none but the San Pete. It is colder than the valley of
the Jordan, as is also that of the Malade, and therefore not so well
adapted to fruit or corn as the sections farther south, yet apples and the
hardier fruits can be raised. The attractive features and situation of
this valley have drawn a considersble population here, so that already
between thirty and thirty-five thousand acres have been irrigated.
Box Elder, and the other little streams that connect with it, are bor-
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{lered by some excellent lands which can be easily irrigated. A settlement has been made here and some land is under cultiYation, but what
amount 1 am unable to say.
Bear Ri,Ter rises in the Uintah Mountains, near the south,;vest corner
of \Vyoming, and running north within Utah Territor,y, but very near
the eastern boundary, passes up into Idaho for forty or fifty miles, when',
bending Rnd<lenly southwest, it enters the Cache Valley. :i\Iost of the
distanee from where the Union Pacific Railroad enters it, to its northern
bend, it is fl~mke<l by a narrow belt of bottom land, which occasiona1ly,
as in the vicinity of 1\-Iedicine Butte, and near the point where it crosses
the boundary line, expands to four or fi Ye miles in width, but for tlw
whole length the average width cannot safely be estimated at more than
one mile. Its chief value will be as a grazing region when the broader
valleys have been taken up, its elevation and mountainous surroundings
making it too cold for any but the hardier cereals and vegetables.
The average fall of the river is about twelve feet to the mile, \Yhich
is sufficient to carry it upon an;y table lands that may border it which
an~ not more than one hundred to one hundred aml fifty feet high.
I am not sufficiently acquainted with the country tllrough ,-dtieh it
runs to state what is the prolmble amount of land that may thus be
rendered cultivable. I know tllere are occasional brlts of the secoud
level, but I think these are limited. Around Dear H,i,Ter Lake there is
a strip of arable land and some grassy meadows.
Ogden's llolc, which is a little park in tlle ""\Vahsatch l\Iouutains~
drained by Ogden Creek, is about fifteen miles long and seven miles
wide.
This beautiful valley is hemmed in on all sides by high mountainR,
from which flow down little streams of crystal water sufficient to irri'gate nearly the entire area. The greater part is covered over by a thick
growth of nutritious grass, aud affords au excel1ent grazing field. The
remarks made in regard to the climate and products in Bear HhT<>r Yalle;y will apply here.
\Veber River, along which the railroad runs for some distance-from
where it emerges from the canon to where it enters upon Salt Lake Valley proper-passes through a yery pretty, and, for the most part, fertile
section, which is rapidly filling up with villages and settlements, and is
so wen known to every oue wllo has traveled along the Union Pacific
Railroad, that any description of it would be superfluous.
The arable land in the valley, including the little spots on Echo Oreek,
may be estimated at one hundred square miles, or sixty-four thousand
acres.
I may add that the soil is very fertile, and, aUhough the climate is
slightly colder than that of the Salt Lake Valley, apples and some other
fruits can be raised without difficulty.
In order to prevent confusion, I have limited the name "Salt Lake
Valley" to the strip of levelland lying along the eastern shore between
the lake and the Wahsatclll\fountaius. Its length from Salt Lake City
to Willard City, in a direct line, is about fifty miles, varying in width
from two to fifteen miles, and averaging about ten.
Of this area I estimate three-fifths, or three hundred square miles, as
susceptible of cultivation. I am aware that with the present systems of
irrigation it would be difficult, if not impossible, to obtain sufficient
water to irrigate this extent, but by making reserYoirs and bringing
upon it all the water that is within reach from the streams north and
south, my estimate win not be too large; and, by this means, part of

240

GEOLOGICAL SURVEY OF THE TERRITORIES.

the higher lands south of Weber River may be rendered fit for culture.
The soil, although in many places covered with artemisia, and more
or less impregnated with saline matter, is very rich and productive, as
the farms already under cultivation show.
The northern and southern portions contain the principal settlements,
as there the land is lowest and most easily irrigated.
As the productions of this and the remaining portions of the basin are
r.imilar, I will speak of them after I have descl'ibed the different sections.
The valley of the Jordan extends almost directly north and south from
Utah Lake to Great Salt Lake; the lofty peaks of Wahsatch range
walling it in on the east, and the Oquirrh Mountains bounding it on the
west.
From the lower end of the canon to its northern extremity, where it
spreads out and becomes a part of what I have included in the Salt
Lake Valley, is about twenty-six miles, and its average width fully
fifteen miles. This gives nearly four hundred square miles as its area,
which may appear small to those who have read the glowing descriptions of it. Lieutenant Beckwith gives thirty miles as its length, and
twenty as its width; but he counts from Utah Lake anu includes the
mountain slopes, while I confine my estimate to the valley plains, fourfifths of which can be irrigated; and I also exclude from the calculation
that part of the lake shore bordering the river, which I have included
in the former section.
The direct length, by GoYernment survey, from the base line wldch
runs near the north side of the city to the southern line of Salt l.Jake
County, which crosses near the canon, is just twenty-four miles.* Th~
greater part, of this beautiful valley can be irrigate<l, and I estimate its
cultivable area at four-fifths, or about three hundred square miles.
l\Iost of the tributaries of the Jordan enter it from the east side, and
south of the creek that waters the city the only ones of any importance
are :Mill, Big Cottonwood, Little Cottonwood, and vVillow Creeks.
Ditches have recently been made along the eastern border of the valley,
drawing the water from Cottonwood Creeks near the mountain and
carrying it on the plateau that occupies a considerable area on this side
of the river.
This effort has clearly demonstrated the possibility and practicability
of irrigating nearly every acre on the east .side of the river, north of
\Villow Creek. Although but little of this plateau or higher level has
been tilled, yet the primary canals and a number of the smaller ditches
are already made, and. when I passed through the valley in September
last were filled with running water.
.
In the vicinity of Willow Creek there is a small area of slightly rolling
land, which probably cannot be irrigated from any of the streams, not
because of its elevation, but because this creek does not furnish sufficient water. If it is possible to establish reservoirs along the base of
the mountain there will be no necessity for even this remaining idle.
An extensive canal is now in course of construction for the purpose
of irrigating the great body of land on the west side of the river. Starting within the calion, and but a few feet below the level of Utah Lake,
the intention is to carry the water from the Jordan along the base of
1
the Oquirrh Mountains, at as high a le,-el as possible. This will furnish
* The table of distances given in Stansbury's Report, p. 294, makes the distance from
the State House to the summit of the hill at tile canon twenty-five miles, wlliclt is tho
correct road measure.
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water enough to irrigate the larger portion of the lands on this side;
but the fall is not sufficient to reach the higher margin8 of the sloping
plain.
When these works are completed and the fresh water from Utah
Lake has permeated the soil for a few years, this valley, seen from some
neighboring height, will truly appear as one vast garden.
The soil of the flat lands around the city, when the 1\iormons first
settled it, was so thoroughly saturated with saline matter that for
several years there were considerable areas upon which they could get
no crops to grow. But at length by experience they learned that by
sowing it in herd-grass and irrigating it freely it could be rendered
suitable for the culture of other crops. And }ir. H. L. Campbell, who
was for some years secretary, and is now, I believe, president of the
Agricultural and Manufacturing Society, informs me that lands which
were heretofore rejected on this account are now being rapidly occupied
for farms.
It is impossible to give the exact number of acres that have been irrigated in this valley, as no returns, so far as I could ascertain, have been
made since 1867. Omitting from the estimate the lands that may be
reached by the Jordal). Canal, which is not completed, I suppose the
number at present amounts at least to twenty thousand or twenty-five
thousand acres.
Perhaps, before passing to the Utah basin, it would be best to include
the Tooele and Lone Rock Valleys, as they properly belong to this group
of arable tracts.
The Tooele Valley is about sixteen miles long and ten miles wide, and
is probably the most fertile spot in the Territory. The small streams
that run through it afford sufficient water to irrigate the greater part. of
its area, and therefore I estimate its agricultural lands ::~t one hundred
and sixty square miles, or the full extent of the valley surface. The
soil appears to be peculiarly adapted to the growth of tho cereals, it
being no uncommon thing to cut from sixty to seventy bushels of oats
from an acre, and last year one field of ninety acres averaged sixty
bushels to the acre. It is already pretty well settled up, haYing one
woolen manufactory and five grist-mills, and some fmuteen or fifteen
thousand acres irrigated.
Lone Rock or Spring Valley, which lies at the southwest corner of
Salt Lake, does not appear to have attracted much attention, and is 11ot
so well known as the others in this region, probably, on account of its
locality. It is about twenty miles long and from eight to ten miles wide,
aud, with the exception of its northern end., is well grassed oYer and
affords excellent grazing fields. A small area can be irrigated. and
brought under cultivation around the southwest margin, but the central
portion is watered principally by springs, which render the surface
marshy in places. Ditching through the marshy parts would probably
draw off sufficient water to leave the ground firm and suitable for grazing and, perhaps, for culture. The northern portion, as it approaches the
lake, assumes a more barren appearance, and in some places is frosted.
oyer with saline incrustations, while the southern end is much like Tin tic
Valley.
U1'.A.H LAKE Y ALLEY.

Passing southward over the ridge at the upper end of the Jordan
Valley, we enter the Utah Lake Basin. The principal portion of the
arable lands of this basin or valley stretch along the eastern shore of
the lake, extending back from its margin to the foot of the mountains,.
16 G
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which here descend abruptly to the plains. The length of this semicircular belt~ from the exit of the Jordan to Santaguin, is about fifty miles,
with an average width of six. This entir@ area of three hundred square
miles can be irrigated, the numerous streams that rush down from the
mountain canons affording sufficient water to irrigate not only the lower
bottoms, but also the broad elevated plateau that extends from Battle
Creek to Provo River.* For a long time this plateau was supposed to
be beyond the reach of any of the streams in the vicinity, and was consigned to inutility, hut a little energy has recently shown that this was
a mistake. .A caual, commencing some distance up Provo Canon, has
been constructed along the steep mountain slopes, and now brings the
water from Provo River to the highest point of this elevated plain, and
when I passed through here the secondary ditches 'Yere filled with water,
spreading here and there large pools over the dry plains. Although I
saw but one field in cultivation, farms were being marked off and preparations made for cultivating the soil. .And I believe that this once
rejected plat will prove the best wheat-growing tract in the valley of
Utah Lake, and that ere long it will be dotted over with farm-houses
and fields of golden grain.
·
The following is a list of the streams that run· down from the mountain and cross this shore-strip, given in the order in which they come,
beginning at the north end of the lake. Dry Creek, .American Fork,
Battle Creek, )Provo River, Spring Creek, Hobble Creek, Spanish Fork,
and Petenete Creek; Summit Creek, which crosses the road south of the
lake, is a tributary of the Petenete. These streams are bordered by no
valleys or bottoms within the mountains, for, with the exception of
Provo River, they do not reach beyond the first range, but rushing down
its slope enter suddenly upon the plain and sweep across it to the lake.
The soil is generally very fertile, that along the margin of the lake
having a large proportion of vegetable mold mixed with it; that near
the mountain and on the plateau is intermingled with small boulders,
but not to such a degree as to injure it. From Battle Creek north, and·
from Provo River south, it is pretty well settled and most of the choice
bottom lands occupied, but there is a broad strip along the lake margin
not cultivated but used as meadow land to graze the cattle belonging
to the citizens of the little villages located on the creeks. Including
Tintic and Cedar Valleys there are at least twenty-five thousand acres
of irrigated land in Utah County, and even this estimate may fa.U considerably below the true figures, for if the canal cut from the Provo is
.of sufficient capacity to water the whole surface of the plateau, this
.alone would amount to over twenty thousand acres, and would increase
my estimate to thirty-five thousand, as I include but ten thousand in the
;:first figures.
Tintic Valley, which lies southwest of Utah Lake, is a narrow, bay"like indentation in the range of hills or low mountains that sweeps
.around tbe west side of the basin. It is about twenty-five miles long
.north and south, and four or five miles wide, and is watered· principally
1by springs. As there are very few streams from which water can be
•<ha wn to irrigate the soil, a small portion only of the land can be brought
•nnder culture, but as a grazing section it probably stands next to the
iCache Valley. The grass grows luxuriantly and .is kept fresh and nutritious by the water from the numerous springs, and the comparatively
mild climate prevents the necessity of winter feeding or shelter, as some,times required in the north part of the Territory.
" This stream was formerly called the Timpanogas, and this is the name generally
tf ound .on the ma,ps and in public documents.
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Cedar Valley lies west of the lake, behind the range of hills that here
rises up near the shore, and is about thirty miles long from north to
soutll, and averages ten miles in width, and contains perhaps one hundred and fifty square miles of land that can be cultivated. It is watered
by two small streams that run in from the west and northwest, and
which afford sufficient water to irrigate the northern and western portions, especially around Crittenden and. Ced.ar City. The laud iR good
and productiYe. The valley is p~trtially settled, and tllere are alre~1dy
two saw-mills and one flouring-mill in operation here. l did not haYe
an opportunity of visiting this locality, but obtained my information
from citizens of Provo, wllo are well acquaint€d with it. I neglected to
inquire about its water drainage, and am somewhat in doubt respecting
it. If there is any outlet for it to the lake, I failed to see it, and I am
satisfied there is none to the Jordan, therefore I presume it is a separate
basin, but as it may belong to the Utah basin, I have con~idered it in
connection with that system. It bas a greater elevation than the Utah
Valley, but how much I do not know.
l\Ioving southward from Santaguin, we enter the Juab Valley, which
extends from this point to the divide between Utah and Sevier basins,
a short distance below Nephi. It is about fifty miles long and six
miles wide, and contains one hundred square miles of laud that can be
irrigated, principally along Salt and Clover Creeks. The most of the
remainder is well grassed over, and affords good pasture lands for sheep
and cattle.
Reserving a fuller acGount of the productions of the Salt Lake, .Jordan,
and Utah Valleys, until I have completed the description of the district,
I will only remark that everything that can be raised in the l\Iiddle
States can be raised here, and that these sections bear about the same
relations to the colder regions of the elevated mountain districts and
southern borders of our Territory that the Middle StatBs do to N e\v
England and Georgia.
Without detracting anything from the importance of the arable tracts
and grazing fields along the railroad line east of this in 'Vyoming, I
may truly call this basin, with all its drawbacks~ (fol! it has some,) an
oasis on the great continental highway of trade and travel. Possessing
this advantage of situation, surrounded by mountains rich in the precious metals, and having a healthy climate, it must, in the course of a
few years, become densely populated. It is important, therefore, that
the Government should give all proper encouragement to its development. I make these remarks here, because they are more particularly
applicable to the immediate basin of Salt Lake than to tlw rest of the
Territory, being the portion through which the railroad passes.
The general level of the Salt Lake Valley is about four thousand three
hundred feet above the sea level, and that of Utah Lake Valley between
four thousand five hundred and fifty and four thousand six hundred
feet.*
In the mountains east of the Jordan are three little parks or elev-ated
valle~Ts, Parley's Park, Kamas Valley, and Round Prairie, which belong to the basin under consideration. Parley's Park is elevated about
two thousand feet above Salt Lake, and is some five or six miles long
and from two to three miles wide. It is watered by Canon Creek, and
could be easily irrigated, but on account of its elevation and mountain* In the barometric table accompanying Lieutenant Beckwith's Report of Pacific Railroad Survey, vol. ii, part 1, p. 107, there are some errors, probably typographical.
:For instance, the elevation at Provo is given as 4,362.6, when it certainly is at least
two hundred feet more.
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ous surroundings, it is too cold for any except the hardier productions.
The recent discovery of some mines in the mountains around it, however, may bring it into notice.
Kamas Valley, which is similar to Parley's Park, is about ten miles
long and from two to four miles wide, and can also be irrigated. Both
are well grassed and afford good grazing fields, but, on account of the
difficulty in reaching them, and their small size, will not be of much
value in an agricultural point of view.
I know nothing in regard to Round Prairie.
RUSH VALLEY.

This valley appears to be a small isolated basin, having a distinct
water system of its own; Rush Lake, which lie.:; in the north part, being
the reservoir. It is about forty or fifty miles in length from north to
south, and averages fifteen miles in width, a large portion of which can
be irrigated, and which I have estimated at three hundred square miles.
Clover Creek, which flows into Rush Lake, is a stream of considerable
size, and affords sufficient water, not only to irrigate a large extent of
land, but also power to drive machinery. The lake is about eight miles
long and some three or four miles wide. Some mines recently discovered at the north enu of this valley will, if they prove productive, furnish a market for the farm products.
Stockton, at the north end of the lake, is a village of considerable
size. The farms in this locality are irrigated from a stream that runs
from the mountains near by and empties into the lake.
SEVIER RIVER BASIN •

. This comprises the country drained by the Sevier River and its tributaries. This rivPr, rising in the southwest corner of the Territory, runs a
little east of north between two ranges of the Wahsatch Mountains for
one hundred and fift,y or one hundred and sixty miles, where it breaks
through the western ridge and runs southwest for forty or fifty miles
more, and emp~ies into Sevier Lake. Its principal tributaries are the
San Pete River and Meadow Creek. The former, rising a little south of
J\Ionnt Nebo, runs southwest through the San Pete Valley and joins the
Sevier River near the crossing of the 112th meridian and 39th parallel.
The latter commences in the divide south of Rush Valley, and traverses
the plains west of the mountains, uniting at the bencl. Very little appears to be known in regard to Sevier Lake, at least I have been unable
to ascertain anything of importance respecting it or the lower portion of
the river. The very irregular form of this basin and uncertainty in
regard to its western rim make it imllossible for me to give an estimate of its area that will amount to anything more than a mere guess.
The San Pete Valley, which is watered by the San Pete Hiver and
numerous small tributaries, counting from Fountain_Green to Gunnison,
is forty-four miles long and averages full;y five miles in width. At least
two hundred square miles, or nearly the entire surface area of this beautiful and fertile valley, can be irrigated. The returns of the Agricultural
and lYianufacturing Society for 1866-'6·7 give nearly twenty thousand
acres as the number then under irrigation; the past three years have
increased this fully twenty-five per cent., so that we may safely estimate
the number now irrigated at twenty-five thousand.
This valley, as a wheat-growing section, stands next to Cache, its soil
being peculiarly adapted to the production of this cereal. It is also one
of the best potato regions in the Territory.

GEOLOGICAL SURVEY OF THE TERRITORIES.

245

Its altitude averages about five thousand feet above the level of the
sea, the elevation at the mouth of San Pete River being four thousand
nine hundred and sixty feet.
The Sevier River Valley is a long narrow belt lying between two
wings of the W ahsatch range, and extending north west and northeast
one hundred and ten or one hundred and fifteen miles. I know but
little respecting the agricultural features of the upper portion of this
valley, but presume, judging from what I know of the surrounding
regions, that it is well grassed and well watered, so that all spots of
arable land to be found there can be irrigated. I thiuk it probable that
some timber can be found in this part of the valley, although the lower
portions are very naked.
For about fifty or sixty miles above Gunnison it averages some six or
seven miles wide, but is wholly without timber, and has a very barren
appearance; even the artemisia being scattered and stunted.. The river
channel is generally a deep, ditch-like cleft in the soil, some six or eight
feet below the surface of the plain, its immediate bottoms being very
narrow. With the considerable fall in the stream a great portion of the
valley can be irrigated, and, notwithstand.ing the present barren appearance, after a few years' irrigation, will become quite fe.rtile, and prod. nee
good crops of wheat, oats, potatoes, &c. There are some settlements in
the north part of the valley, and a few thousaud acres under culti\Tation
iu SeYier and Piute Counties, which embrace this valley. \Vhat the
number of acres irrigated is I cannot say.
The elevation ranges from five thousand five hundred to four thousand eight hundred feet above the level of tlw sea, and the volume
of water iu the river is ample for all purposes. From Gunnison to
Chicken Creek, a distanC'e of forty miles, the valley of this Hiver averages some three or four miles wide, and is similar in character to that
farther south.
Leaving the Sevier, and following the road over the ridge to the
southwest, we enter an isolated · basin called Round or Lake Valley,
which appears to have little or no connection with the water systems
of tbe Sevier basin. This is some ten or twelve miles long and six or
seven wide, but for want of water only a limited portion of it can be
irrigated and brought under culture. There is probably sufficient to
supply a strip of about a mile and a half in width. And there are
some small grazing fields here. Passing westward out of this valley
we enter upon the margin of the plains, which spread out with a gentle
slope to the northwest. The little streams that rnn down from the
mountains and pass off into the plains afl'ord a belt of arable spots
along the foot of the range, concerning which I obtained the following
particulars from Bishop Miller, of Provo:
Going south from the latter point, after passing for some ten miles
over the divide, we reach a little stream where there is a small settlement and a small extent of arable land that can be irrigated, and an
area ten or twelve miles long and four or five wide, suitable for grazing
sheep or cattle. Passing over a dry level plain for about eight miles
farther~ we reach Chalk Creek, which affords a valley eight or ten miles
long and about two miles wide, the greater part of wllich can be irrigateu. Crossing another dry level of about four miles we reach :Meadow
Creek,* which has but little bottom laud adapted to agriculture, and
not sufficient water to irrigate more than a few hundred acres. But it
* This is n. different stream from the Meadow Creek heretofore mentioned as coming
down from near Rush Valley.
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is probable that a ditch could be brought round from Chalk Creek, by
which a considerable area .of the upper level might be rendered t~llable.*
Corn Creek, which is about five miles farther south, is flanked by a
moderately broad area of flat land, which can be irrigated to the full
extent of the supply of water. Cove Creek Valley, ten or twelve miles
farther on, furnishes but little farming land, but contains some good
grazing fields, and is already occupied, to a considerable extent, foc
this purpose. Five or six miles south of this is another small stream
(probably Pine Creek,) where sufficient land for a few farms might be
irrigated.
Passing over a divide of some nine or ten miles we reach Indian
Creek, a tributary of Beaver River, which brings us into another basin.
Although there are two stage routes through thil:j section, there seems
to be but little known respecting its water system ; in fact, the very
existence of Preuss Lake appears to be a matter of doubt, ·and future
investigation may show that this is but a part of Sevier River Basin.
Considering it as a separate system, it consists of Bear River and its
tributaries, which rise in the western slope of the range of mountains
before mentioned.
.
There is a considerable area of land on Beaver River that can be irrigate<l and cultivated, .and the probability is that its breadth might be
increased by extending canals on the upper levels belo'Y the mountain
or ridge that crosses here. .Passing over Beaver lVIoLmtain we reach
Yellow Creek, where there is a fertile belt about ten miles long and six
or seven miles wide, reaching from the Creek about two miles south
of Parawan. Here, and at ~eaver River, are some settlements and
some land already under cultivation. Between Parawan and Cedar
City there are a few arable spots of small extent, which are already
partly occupied. Cedar City is situated on Cole Oreek, a stream about
the size of the American Fork, which will irrigate some four or five
thousand acres. Shirt's Creek, which runs by Kanara, is flanked by a
consillerable bottom, but the Rtream does not afford water sufficient to
irrigate but a part of it. West of this some twenty or twenty-five
miles, on another branch of Beaver River, are the eelebrated Vegas de
Santa Clara, noted as a resting place after the fatigues of the desert
march from the West. By following these various streams, as they
move northwest toward some common reser-voir, it is probable a number of irrigable spots may be found.
Crossing over the divide, which here sweeps round in a semicircular
form from a southwest to a northwest direction~ we enter the valley
of the Rio Virgin, a part of the vast territory drained by t,he Rio Colorado of the West. This stream, although sending down a considerable
volume of water, is wide and rapid and consequently shallow. It runs
through a country httving a very barren appearance, here and there
cutting through rocky cliffs and lava ridges, with occasional broad
stretches of sandy land eovered with a very scanty growth of vegetation. But, notwithstanding the unpromising appearance of this section, there are several settleJ)1ents here, some of which (as Washington
and St. George) number several thousand souls.
·
·
There are some arable spots which are very productive, and in fa-ct
"All the maps I have seeJ~, including even the very accurate map of Colorado and
Utah, prepared by order of General Sherman, have an error in this section. They
have a number of small streams represented as rising in the plains west of the mountains opposite Sevier River and running through the range to the River, to do which
it would be necessary for the water to run up hill. They rise in the range, and, running northwest into the plain, are lost in the sands, as all who have traveled along the
stage route here know, ancl as Fremont shows iu his report.
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wherever water can be obtained, and the land irrigated, the soil becomes
very fertile. The arable areas around Toqueville, and from there up
the river, are very limited, but about 'Vashington and St. George they are
more extensive, and the entire Santa Clara Valley, for fifteen or twenty
miles in length and two or three miles in width, can be cultivated. And
one or two canals are being cut along the Rio Virgin which will add considerably to the cultivable area. This section, on account of its semitropical climate, is considered by the 1\Iormons of great importance, for
they look to this for their supply of cotton, raisins, oranges, and other
products, which cannot be grown in the Salt Lake Valley.
In regard to the vast region east of the W ahsatch range, and south
of the Uintah 1\Iountains belonging to the Rio Colorado district, I know
but verv little.
Strawberry Creek, a tributary of Uintah River, runs through a very
pretty valley for twenty or twenty-five miles, which a\Terages seven or
eight miles in width. The greater po.rtion of this area can be irrigated,
and would produce good crops of such things as are adapted to the climate,
which, on account of elevation and the proximity of mountains, is cold.
The Uintah Valley is more extensive, and has in it some very good
land, a large portion of which may be rendered suitable for culture by
irrigation, for which' purpose the supply of water is ample.
CLIMATE AND PRODUCTIONS.

Within the Territory of Utah every grade of climate, from the cold
regions of the snowy Sierras to the semi-tropical region of the soutll·
ern plains, is to be found, but the central portion, where the greater part
of the cultivable land is situated, has a mild climate, which, as before
remarked, corresponds very nearly with that of the Middle States. As
we go north and northeast, ascending the mountain valleys, the climate
increases rapidly in severity, and the growing seasons become shorter.
As a general thing the annu~l fall of snow in the valleys is small, seldom
more than a. few inches in depth, and it remains on the ground but few
hours, or days at farthest. In the vicinity of the higher mountains
there are occasional frosts that injure the crops.
Wheat, oats, potatoes, and fruit are the principal productions, which
not only grow readily and yield abundant crops, but of the very best
quality, the soil being naturally adapted to their culture. Something
over one million bushels of wheat was raised in the Territory in 1866,
but what the ratio of increase has been ~dnce that time I am unable to
say, but it has not been in proportion to the breadth of land sown, as
the grasshoppers have been very destructive for the past three years.
Not only have they injured the growing wheat, oats, &c., but, where the
ground has been replanted in something else, they have, in some instances, cut it down for the sixth time in one season. The average
yield per acre, of favorable seasons, is fi'om twenty-two to twenty-six
bushels, but in certain localities it will reach much higher :figures.
Cache, San Pete, and Utah Counties are the principal wheat-growing
sections, not because they produce more to the acre, but because more
acres have been cultivated i.n this cereal in these counties than auv
others. I did not have an opportunity of examining earefully the different specimens of wheat grown in the Territory, but, judging by the
bread made from it, I presume it to be superior in some respects. It is
probable that the flavor and lightness of the bread are partly due to the
alkali with which the soil of the valleys is more or less impregnated.
As is generally the case throughout the Rocky :rtfountain regions, oats
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grow luxuriantly, the average yield per acre in the Territory being from
thirty to forty bushels. It is no uncorrimqn occurrence for the farmer
here to cut an average crop of sixty bushels to the acre. Although a
large amount of corn is raised, and crops of forty and :fifty bushels to
the acre produced, yet this cannot be considered a good corn-growing
country. And I may add that, so far as my observations have extended,
I have seen no really good corn see.tion west of the rain-moistened portion of the Mississippi Valley. That there are many places where tolerably good crops can be raised, and sufficient to supply local demands, is
true, but what I mean is that the corn of these Territories bears no such
comparison with the corn of the Mississippi Valley as the wheat does.
Sorghum appears to grow :finely, and, as I have heretofore stated in
regard to beets, I am inclined to the belief that in this dry soil, consisting principally of silicates, and containing alkali, the production of
saccharine matter will be greater than in soil having a large proportion
of vegetable mold. And in this connection I may remark that the
plums grown here are the sweetest I ever tasted. The same variety
raised in California, although sweeter than those raised in the States
east, are inferior in this respect to those raised at Salt Lake City. But
in regard to pears the case is somewhat reversed as compared with California, but not as compared with those of the States east of the mountains.
The same thing is traceable in apples but not in peaches.
Such fh1its as apples, peaches, plums, pears, currants, gooseberries,
grapes, &c., can be raised in Salt Lake basin and south with ease, but
apples and peaches, especially the latter, will be the chief horticultural
produet. The aYerage yield of peaches to the acre, as shown by the returns, is over three hundred bushels. Last year a gentleman in ProYo
City gathered three hundred bushels from the trees on a lot tweh'e rods
long by six rods wide. For the past three years the fruit has been seriously injured by the grasshoppers eating off the leaves of the trees,
but the injury was probably less than it would have been in a section
depending on rain to supply the requisite moisture.
As a grape-growing region this Territory cannot compete with California or even with Southern New 1\fexico, yet ver:y fine grapes can be
raised, and the Rio Virgin section can produce a quality equal to any
part of the latter, but the area is limited.
The pqtatoes are as :fine in quality as any I have ever met with; they
also grow large, and yield heavy crops.
I noticed a number of fields of lucerne, which is used to feed the cattle of the villages when the pasturage in the vicinity proves insufficient.
Very few of the valleys, except those in the mountains, furnish an.v
tim be~ of importance, but, as a general thing, a supply can be obtained
from the neighboring ranges, chiefly pine and fir.
PAS'l'OR.A.L LANDS AND STOCK-RAISING.

It is apparent to every one who has paid any attention to the supply
of beef-cattle for the principal markets of our country, that this must
come fi.·om the grazing fields of the West. Having recently traveled
by di.fl'ereut routes over the States between the Atlantic shore and Missouri River, I have been astonished to find so few beef-cattle upon the
meadows. No doubt the census returns will show heavy :figures, yet
these are not made up from herds fed for beef, but mostly from the cattle and oxen in use upon the farms. The lands of the States are becoming too valuable to afford the room required for grazing cattle at a price
that "ill compete with the plains of the West and Southwest.
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It is therefore a fact conceded that the great bulk of our beef-cattle
must be raised upon the grazing fields of the States and Territories west
of the l\1ississippi.
As this report would be incomplete without some remarks upon tllis
subject, and as experience in the r.rerritories is requisite to an accurate
knowledge of it, I give the following remarks taken principally from the
article of Dr. Latham of Laramie, aud published. in the Omaha IIerald~
prefacing them with some judicious remarks from the pen of l\Ir. B_yers
in the Hocky Mountain News:
Aftf'r the mining interest, which must always take rank as the first protluctiYo
industry in the mountain territories of the \Vest, stock-raising will tloubtless continue next in importance. Tllc peculiarities of climate and soil adapt the grass-covereu
country 'vest of tho ninety-eighth degree of longitude especially to the growth aml
highest perfection of horses, cattle, aud sheep. The earliest civilized explorers found
the pluius densely populated with buffalo, elk, deer, and antelope, their numbers
excceding computation. Great nations of Indians subsisteu almost entirely by the
fmits of the chase, lmt with the rude weapons usell were incapable of dimini~"Jhing
their numbers. \Vith the advent of the white man and the introduction of fire-arms,
and to 1mpply the demantls of commerce, these wild cattle have been Alanghtered by
the milliou, nntil their range, once six hundred miles wide from east to west, and
cxteudi11g more than two thousand miles north and south, oYer which they move(l in
solid columns, darkening the plains, has been diminished to an irregular belt, a hundred and fifty miles wide, in which only scattering herds can be found, and they seldom
numbering ten thousand animals. There itJno reason why domestic cattle may not take
their place. The climate, soil, and vegetation, arc as well adapted to th o tame as to
the wild. The latter lived and thrived tho year round all tho way up to latitude fifty
degrees north. Tweuty years' experience proves tlwt the former do equally well upon
the same rauge, and with the same lack of care. Time, the settlement of thc country,
the growing wauts of agriculture, the encroachment of tilled fields, ·w ill gradnally narrow the range, as did semi-civilization that of the buffalo; first from tht' }Iississippi
Valley west\nlnl, where that process is already seen, ancl then from the Rocky Mountains toward the cast; but as yet the range is practically unlimited, and f<,r many years
to come there will be room to fatten ueeves to f~ed the world.
Tins great pasture land covers \Vestern Texas, Indian Territory, Kansas, Nebraska,
and Dakota, Eastern New Mexico, Colorado, 'Vyoming, and Montana, aud extentls far
into British America. The southerly and southeasterly portions produce the large~t
growth of grass, but it lacks the nutritious qualities of that coveriug the higher aml
drier lands farther north ancl west. Rank-growing and bottom-land grasscs contain
mostly water; they remain green until killed by frost, when their substance tlowil back
to the root, or is destroyed by the action of the elements. The dwarf grass of the
higher plains makes but a sma.Jl growth, but makes that very quickly in the early
spring, and then, as the rains diminish and the summer heat increases, it dies and cures
into bay where it stands; the seecl even, in which it is very prolific, remains upou the
stalk, and, though very minute, is exceedingly nutritious.
In so far as the relative advantages of di1ferent portions of this witle region may be
thought by many to preponderate over one anotller, we do not appreciate them at all,
bnt woul<l as soon risk a herd in the valley of the Upper Missouri, the Yellowstone, or
the Saskatchewan, as aloug the Arkansas, the Canadian, or Red River. If a.ny differ~
ence, the grass is better north than south. One year the winter may be more severe
in the ext1·emo nortll; the next it may be equally so in the south, antl the third it may
be most inclement mitlway between the two extremes; or, what is more common, the
severe storms and heavy snows rna.y follow irregular streaks across tho country at various points. 'rhcre are local causes and effects to be considered, such as permanently
affect certain locnlities favorably or the contrary. For instance, uearer the western
l1order of the plains there is less high wind, because the lofty mountain ranges form a
shelter or wind-br.eaker. Of local advantages, detached ranges of mountains, bills or
broken htnd, timber, brush, anti. deep ravines or stream-beds are the most important,
in furnishing shelter, and, as a general thing, better and always more varied pasture
ground.
There is never rain upon the middle and northern plains during tho winter months.
"\Vhen snow comes it is ahntys dry, and never freezes to stock. The reverse is the case
in the Northern and Middle States, wllere winter storms often begin witll rain, which
is followed uy snow, and conclude with piercing wind and exceeding col<l. Stock-men
can readily appreciate the effect of such weather upon stock exposed to its influence.
The soil of the plains is very much the same everywhere. To a casual observer it
looks sterile awl unpromisin$, but when turned by the plow or spade is found very fertile. Near the mountain~:~ it 1s filled with coarse rock particles, and under the action of
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the elements these become disproportionately prominent on the surface. Receding from
the mountains, it becomes gradually finer, until gravel and bits of broken stone are no
longer seen. Being maue up from the wash anu wearing away of the mountains, alkaline earths enter largely into its composition, supplying inexhaustible quantities of
those properties which the eastern farmer can secure only by the application of plaster,
lime, aml like manures. These make the rich, nutritious grasses upon which cattle
thrive so remarkably and to the constant wonder of new-comers, 'vho cannot reconcile
the idea of such compara,tively bare and barren-looking plains with the fat cattle that
roam over them.
Besides the plains there is a vast extent of pasture lands in the mountains. Wherf>ver there is soil enou~h to support vegetation grass is found in abunda,nce, to a line
far above the limit ot timber growth, and almost to the crest of tho snowy rauge.
These high pastures, however, are suitable only for summer a,nd autumn range; but in
portions of the great parks and large valleys, most parts of which lie below eight
thousand feet altitude above the sea,, cattle, horses, and sheep live and thrive the year
round. Tho cost of raising a steer to tho ago of five years, when he is at a prime age
for market, is bclievecl to be about seven dollars and a half, or one dollar and a, hnlf
per year. .A number of estimates given us by stock-men, running through several years,
place the average at about that figure. That contemplates a. hercl of fonr hundred or
more. Smaller lots of cattle will genera1ly cost relatively more. The items of expense
are herding, branding, and salt-nothing for feed.

The following extracts from an article by Dr. H. Latham, in the Omaha
Daily Herald of June 5, 1870, give a description of the grazing lands in
the North Platte district:
The distance from the mouth of the North Platte, where it joins the South Platte on
the Union Pacific Railroad, to it!:! so11rces in the great Sierra Madre, whose lofty sides
form the North Park, in which this stream takes its rise, is more than eight hundred
milc.s. Its extreme southern tributaries head in tho gorges of the mountains one
lmndred miles south of the railroad, and receive their water from the melting snows
of these snow-capped ranges. Its extreme western tributaties rise in the \Vallsatch
all(l \Vind River ranges, sharing the honor of conveying the crystal snow-waters from
the continental diviue with the Columbia and Colorado of the Pacific. Its northern
tributaries start oceanward from the Big Horn Mountains, three hundred miles north
of the starting point of its southern sources.
It drains a country larger than all New England a,nd New York together. East of
the Alleghany Mountains there is no river comparable to this clear, swift mountain
stream in its length or in the extent of country it drains.
The t·allcys of the Korth Plattc.-The main valley of the North Platte, two hundred
miles from its mouth to where it debouches through the Black Hills out on to the
great plains, is an average of ten miles wide. Nearly all this area, two thousand
square miles, is covered with a dense growth of grass, yielding thousands of tons of
hay. The Ulnffs bordering these intervals are rounded and grass-grown, gradually
smoothing out into great grassy plains extending north and south as far as the eye
can see.
Its tribntarics.-The tribntaries on the north side of the Platte are Blue \Vater, Coldwater, Hill Creek, Raw Hide, Mudrly \Villow, Shawnee, Slate, and Sweetwater. On
tho south ihey are .Ash, Pumpkin, Larrons, Dry Horse, Cherry, Chugwater, Sybellie,
Dig Laramie, Little Lammie, Carter, Cottonwood, Horse Shoe, Elk Horn, Rio a b Prelo,
Boisiee, Deer Creek, Medicine Bow, Rock Creek, Douglass, and North, South, and .Middle Forks of the main Platte.
These streams, with their smaller feeders, intersect in all directions a great pastural
land, interspersing it with rich, fertile valleys, and draining at least forty million acres,
affording water for countless herds. Most of the banks of these streams are bordered
with timber. Cattle have been wintered on these streams north of Cheyenne, along
tho base of the Black Hills, around Fort Laramie, for twenty-five years.
Capacity for stoclc-raising.-Of this country .Alexander Majors says, in a letter to the
writer of this article: "The favorite wintering grounus of my herders for the past
twenty years has been from the Cache a la Pondre on the south to Fort Fetterman on
the north, embracing all the country along the eastern base of the Black Hills." It
was of this country that Mr. Seth E. \Vard spoke when he says: "I am satisfied that
no country in the same latitude, or even far south of it, is comparable to it as a grazing and stock-raising country. Cattle and stock generally are healthy, and require no
feeding the year round., the rich 'bunch' and 'gramma' grasses of the plains anu
mountains keeping them ordinarily fat enough for beef during the entire winter."
.All this region east of the Black Hills is at an elevation less than five thousand feet.
The climate.-The climat,e, as reported from Fort Laramie for a. period of twenty
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years, is 50° Fahrenheit. The mean temperature for the spring months is 47°, for the
summer months 72°, for autumn 0°, for winter 31°.
The annual rain-fall is about eighteen inches, distributed as follows: Spring, 8.69
inches; summer, 5.70 inches; autumn, 3.69 inches. The snow-fall is eighteen inches.
It is of this region that Colonel C. H. Alden, post surgeon Fort D. A. l~ussoll, speaks,
when he says: "The largest snow-fall so far, in one month, has been 3 97-1000 inches.
The snow in this vicinity rapidly disappears after falling, and it is very rare that there
is a sufficient quantity so that it remains long enough to give sleighing."
All this country of the North Platte, east of the Black Hills, is within easy distance
of the railroad at Cheyenne, Pine Bluffs, Sidney, and Julesburg. An abundance of
timber can be bad in the Black Hills for fencing and building purposes for all ranch
and stock men in any of these valleys.
Extent and rcsottrces of the North Platte Basin.-There is in this North Platte Basin,
east of the Black Hills divide, at least eight million acres of pasturage, with the finest
and most lasting streams, and good shelter in the bluffs and cafions. As I have said
before, we can only judge of the extent and resources of such a single region by comparison. Ohio has six million sheep, yielding eighteen million pounds of wool, bringing her farmers an aggregate of four and one-half million dollars. This eight million
acres of pasture would at least feed eight million sheep, yielding twenty-four million
pounds of wool, and at the same price as Ohio wool, six million dollars. Now, that
money, instead of going to build up ranches, stock farms, storehouses, wooden mills,
and all tho components of a great and thrifty settlement1 is sent by our wool-growers
and woollen manufacturere to Buenos Ayres, to Africa and Australia, to enrich other
people and other lands, while our wool-growing resources remain undeveloped.
The great Laramie Plains.-As you follow the North Pla.tte up through the Black
Hill Calion you como out on to the great Laramie Plains, which lie between the Black
Hills on the east and the Snowy Range on the west. These plains are ninety miles
north and south and sixty miles east and west. They are watered by the Big and
Little Laramie Rivers, Deer Creek, Rock Creek, Medicine Bow River, Cooper Creek,
:md other tributuries of the North Platte. It is on the extreme northern nortion of
these plains, in the valley of Deer Creek, that General Reynolds wintered cluing the
winter of 1860, and of which he remarks, on 1)ages seventy-four and seventy-five of his
"Explorations of the Yellowstone," as follows:
General Reynolds's Rep01·t.-Throughout the whole season's march the subsistence of
our animals had been obtained by grazing after we had reached our camp in the afternoon, and for an hour or two between the dawn of day and our time of starting. Tho
consequence was, that when we reached our winter quarters there were but few
animals in the train that were in a condition to have continued the march without a
generous grain diet. Poorer and more broken-down creatures it would be difficult to
find. In the spring they were in as fine condition for commencing another season's
work as could be desired. A greater change in their appearance could not have been
produced, even if they had been grain-fed and stable-housed all winter. Only one was
lost, the furious storm of December coming on before it had gained sufficient strength
to endure it. The fact that seventy exhausted animals, turned out to winter on the
plains the first of November, came out in the spring in the best condition and with the
loss of but one of their number, is the most forcible commentary I can make on the
quality of the grass and the character of the winter.
These plains have been favorite herding grounds of the'buffalo away back in the prehistoric age of this country. Their bones lie bleaching in all directions, and their
paths, fleeply worn, cover the whole plain like a net-work. Their "wallows," where
these shaggy lords of animal creation tore deep pits into the surface of the ground, are
still to be seen. Elk, antelope, and deer still feed here, and the mountain sheep are
found on the mountain sides and in the more secluded valleys of the Sierra Madre
range, all proving conclusively that this has afforded winter pasturage from time immemorial. Since 1849 many herds of work oxen, belonging to emigrants, freighters,
and ranchmen, have grazed here each winter. It is on these plains, in the Laramie
Valley, that Messrs. Creighton and Hutton have their sheep, horses, and cattle, and of
which Mr. Edward Creighton, president of the First National Bank of Omaha, says:
LEx:tract from Edward Creighton's letter.)

"The last four winters I have been raising stock, and have had large herds of cows
and calves in the valley of the Laramie. 'l'he present winter I have wintered about
eight thousand head. They have done exceedingly well. ·we have lost very few
through the whole winter, and those lost were very thin when winter commenced. We
had no shelter but the bluffs :md hills, and no feed but the wild uncut grass of the
country.
"We have had.3,000 sheep the past winter, and they are in the best of order; many
aro being sold daily for mutton. Like the cattle, they require no food or shelter.
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"The high, rolling character of the country, and the dry climate, and short, sweet
grass of the numerous hillsides, are extremely favorable to sheep-raising and woolgrowing."
There are many other stock-raisers on the plains besides Creighton and Hutt<m,
and there is room for hundreds more. On this plain the settler is ncar the great forests
of pine in the mountains, and in the coal fields of the Rocky Mountains, with several
kinds of irou ore, building stone, limestone, and fire-clay. The valleys of Rock Creek,
Medicine Bow, and the two Laramies afford large quantities of hay. On these plains
alone there is, apparently, no limit to the grazing. The railroad bisects these pasture
lands about evenly east and west, giving good fa.cilities for transportation.
North rm·k.-South of the Laramie Plains is the North Park, one of three great parks
of the Rocky Mountains, so fully described by Richardson, Bross, and Bowles. This
North Park is formed by the great Snowy Range. It is a valley from six to eight thousand feet hi~h, ninety miles long, and forty miles wide, surrounded by snowy mountains from thirteen to fifteen thousand feet high. These mountain tops and sides are
completely covered with dense growths of forests; the lower hillsides and this great
valley are covered with grasses. The forests and mountains afford ample shelter from
sweeping winds. Here as well as on the Laramie Plains the buffalo grazed in great
herds, and here the Ute hunters, from some hiding canon, dashed down among them
on their trained and fleet ponies, shooting their arrows with unerring aim on all sides,
and having such glorious sport as kings might court and envy. The Indians arc now
gone from this valley, and the buffalo nearly so. On the two million acres in this Yalley not twenty head of cattle graze.
This great park, splendidly watered by the three forks of the Platte, and by a hundred small streams that drain these lofty mountains of their snows and rains-rich in
all kinds of nutritious grasses; plentifully supplied with timber ; on the tertiary coal
fields, with iron, copper, lead, and gold-has not one real settler. There are a few
miners, but where there should be flocks and herds of sheep and cattle without number, there is only the wild game-the elk, antelope, and deer.
Demonstratccl facts.-The season of 18i0 has been a memorable one in the stock business on the Plains. It commenced in doubt, but closes with unlimited confidence in
the complete practicability and profits of stock-growing and winter grazing.
Increase of cattle in the West.- The number of cattle in the country west of the :Missouri
River and east of the Snowy Range is now double, if not four times larger than in1869.
Its present magnitude and future prospects entitle it to a full share of public attention.
Shiprneuts of beef to eastern markets.-Two years ago our beef and cattle were brought
from the East. To-day, cattle buyers from Chicago and New York are stopping at
every station on our railroads, and buying cattle in all our valleys for eastern consumption. It is safe to predict that 15,000 head of beeves will be shipped from our
Yalleys east i he present season. During the past week I have visited some of the great
herds on the Plains, and will give your readers an account of them.
1'he great herds.-The herds of Ed ward Creighton, Charles Hutton, and Thomas Alsop
are grazed on the Big Laramie, which is a tributary of the North Platte. The Laramie
Valley is between the Black Hills and the Medicine Bow Range. It is about one hundred miles long and thirty miles wide. It is about midway in this valley, and six miles
from the railroad station at Laramie, that these gentlemen have located their stock
ranches. They have extensive houses, stables, and corrals. As we leave the station
on a beautiful August morning, (which is characterizecl by the clearest of blue skies
and golden sunlight,) you see Mount Agassiz directly in front of you, while l\Iount Dix
and .Mount Dodge, with snow-covered tops, are respectively on the right and left.
We follow up the Laramie on a smooth road, which is like rolling the wheels over a
floor. We follow the windings of the stream, which is clear as crystal, and pure as the
snow from which its waters have just come. We first come to a heard of 4,000 half and
three-quarter-breed cows; that is, there are none more than one-half Texan, and many
only one-fonrth. They are known among cattle dealers as short-horned Texas c~tttle.
There are 3,600 calves in this herd that are from three-eighths to one-half Durham.
These cows have been here on the Plains one winter and two summers. All the dry
cows are exceedingly fat, and many of the cows, with calves by their sides, are good
beef. In this herd are many two-year-olds and yearlings, all fat for the butcher, so far
as their condition is concerned. In all this herd there are as many as 9,000 head of
cattle-4,000 cows, 3,600 calves, 1,000 two-year-olds, and 500 yearlings.
Their habits.-They range over a country fifteen by twenty miles. Tho cows and
calves run together the year around, and in fact are never separated, but run in families
of four, generally, cow, calf, yearling, and two-year-old. They are to be fouml on the
river bottoms in the middle of the day, where they had come about 11 o'clock for water.
They return about 4 o'clock in the afternoon to the high grounds, where the rich bunch
and nutritious gramma grasses are abundant, and feed till night and lie down on the
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warm sanely soil till next morning, when they feed till the heat of the day. It is interesting to see tho habits of these cattle when unrestrained by herders. They travel back
and forth to the water and grazing ground in families and little herds, iu sin~lc file,
like their pretlecessors of the soil, the bnffalo, forming deep paths or trails like them.
After having spent three or four hours looking at this herd we pass up the river to the
beef herd, which consists of 3,500 fat Texas c:tttle, in the \rery highest order at which
grass-fed cattle arrive in this world. These cattle have been here one or two seasons,
and will weigh upon an average, live weight, 1,300 pounds. They could all be sold
to-clay for eastern markets at good figures. They have yet three months of good weather
to fatten this season, when, with 5,000 more, bought by these enterprit:dng men and
on the 11ay here, they will be sold east or slaughtered and sent east iu the quarter.
There is, still higher up the stream and nearer the mountains, a stock herd of yearlings and two-year-olds, that occupy our time for an hour or two.

Blooded stock cattle.-Then we cross over to Sand Creek, a small branch of the Laramie, and see the herd of American cattle, which, including Hutton's and Alsop's, numbers 400, mostly cows. They are as fine stock as can be found anywhere. Amoug this
herd are several fine-graded Durham bulls and two thoroughbreds that ·w ere bought in
Ohio at high prices. These parties are owners of 300 blooded bulls, from which the
finest calves are being raised by the cross between them and the graded Texan cow.
It is interesting for the stock man to see these calves, which show the Durham so clearly
in every instance-another proof ofthe genemllaw that the stronger and better blooded
of the two races will give form and impress to the progeny. This fact is remarkably
illustrated in these herds. . The second and third crosses, leaving no trace of the Texan
blood.
Here on this ranch are 300 brood mares, and some young stock, yearling and twoyear-old colts which have been raised here, and have never been fed nor sheltered.
They are as large and fine colts as are raised anywhere. These brood mares and colt.'>
are herded, but never stabled nor fed winters.
Sheep.-\Ve next proceed to these flocks of sheep, which in all number more than
10,000 bead, besides the lambs-of these there are 3,000-making iu all 13,000. Some
of these are from New Mexico, but the great majority are from Iowa, and are fine
Merino sheep. They will average fully five pounds of wool per head. Ample shelters
have been provided them in case of storm. Much the larger number of these flocks aro
ewes. The owners expect to raise 6,000 lambs, and to shear 65,000 pounds of wool next
year.
These parties have about five miles of fence, inclosing hay grounds, pastures for
riding stock, and other purposes. They have, in all, more than $300,000 invested here,
which is a sufficient commentary upon their enterprise, foresight, and courage. They
are the great stock princes of the mountains. Of all living men they have done most
to solve this question of winter grazing.
We next proceed to the Little Laramie, where Messrs. Mantle & Bath hnve 400 head
of American and half-breed stock; tl10y are at the old stage-road crossing, and have
some fine blooded stock. Above them, behind Sheep Monntain, directly under tho
white top of Mount Dodge, named after General Dodge, on the head of tho Little Laramie, is a valley twenty miles long and ten miles wide, divided abont eCJnally by the
north, mid<lle, and south forks of that stream. These are rapid running streams that
never freeze iu winter. They have rrroves of timber on their banks an<l bottom lands,
furnishing shade in summer and sl10lter in winter. This valley is a pocket in the
mountains, having only one point of ingress and no egress but by the same way. Here
are 2,900 cattle owned by Lambard & Gray, of New York, CaptaJn Coates, of the Army,
and the snbscribcr. Three men are able to herd them, from the n:tture of the valley,
and jt is certainly :1 cattle paradise. Of this herd, 1,200 arc cows, 700 t.wo-year-olds,
300 yearlings, and 700 calves. This stock is short-homed Texan, aml a good lot of
stock cattle.
D~ff 1 s herds on Crow C1·eek.-After leaving this herd, we take a three-hours' run on the
railroad, which takes us across the Black Hills to Cheyenne, which is the hea.df]_uarters
of J. "\V. Iliff. His cattle range is down Crow Creek to the Platte, twenty to thirty
miles. On this grazing ground he has 6,700 cattle, classed as follows: 3,500 beeves,
2,000 cows, aml 1,200 cal vcs. The stock cattle are half-breeds, except yearlings and
calves, which he has raised, and which show the Dnrham cross. The beeves arc
heavy, fat cattle, ranging in live weight from 1,200 to 1,400 pounds. This whole range
down Crow Creek, from Cheyenne to the Platte, affords the best of grasses, and the
creek bluffs shelter the stock completely from storms. Mr. Iliff' has been the owner of
great herds of cattle in the last twelve '"ears, and is firm in the faith that this is the
place to raise beef for eastern markets. '"'His cattle have sold in Chicago market from
five to six cents per pound, live weight, this season. The whole 3,500 head of beeves
will be shipped cast this fall. Mr. Iliff is another of those ~ho have demonstrated to
. the world that we have winter grazing, and in so doing he has made a fortune. Long
ma.:y such men live to enjoy their fortunes!·
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On the other side of the Platte, on thQ Bijou, are the herds of the Patterson Brothers,
Reynolds, ttDLl John Hitson. These herds number 8,000 head of cattle, 6,000 of them
being beef-cattle. The Patterson Brothers are gtcat cattle-raisers and cJealers. They
own ranches on the Arkansas River, at Bent's Old Fort, and on the Pecos River, below
Fort Stunner, in New Mexico. They have handled hundredt; o~ thousands of dollars'
'vorth of cattle in the last five years.
John Hitson is another of the great cattle-raisers and dealers in New Mexico. His
herds are numbered by the thousands. His operations are transferred to Colorado now,
and so are those of the Patterson Brothers. On Box Elder Creek, which is a branch of
the Cache la Poudre, is the ranch and stock range of Mr. Whitcombe, an old settler of
Colorado. He has 2,000 stock catt.le and some ·fine blooded bulls. This range and
shelter are perfect.
Heed & ·w yatt, on the Platte, nearer Denver, have 1,000 head of stock and beef
cattle. They are about adding largely to their number.
Farwell Brothers, Greeley, have 200 head of fine American cattle.
Baily, on the south side of the Platte from Greeley, has 400 head of Durham and
Devon stock, and 2,000 ~beep.
Geary, on the Platte, has 300 head of American cattle.
The Lemons, at Greeley, have 400 head of American stock. In this neighborhood
Ashcraft has 400 head of American cattle ; Munson has 800 head of cattle and 3,000
sheep. Up the Cache la Poudre are twenty large stock-raisers.
On the Bi!! and Little Thompsons there are some :five herds of blooded stock.
After you~ lcave Evans and go south toward Denver, the whole count.ry seems one
})asture covered with stock. I traveled over this same ground in 1869, and I am sure
there are fully three times as many cattle here now as then. There are hundreds of
farmers on the Lone Tree Creek, Cache la Poudre, Big and Little Thompson's Creeks,
St. Vrain's, and the many other streams which flow from the mountains to the Platte,
who have from one hundred to one thousand head of cattle, a description of whose herds
and grazing grounds would take too much space in an article of this kind.
Shipments of cattle West.-Colorado has sold an immense number of cattle this sea-son
to Montana, Idaho, Nevada, and Utah. It is safe to say that Montana will receive
twenty thousand head of cattle during the season of 1870, four-fifths of which are from
Colorado. Many have gone to Utah, Nevada, and Idaho from the same source, and yet,
ten years ago, the commercial and stock-growing people of the East did not know that
Colorado contained a thousand acres of grass land. To-day they have no idea of tlle
magnitude of her grazing resources.
Leaving Colorado we find some herds along t.he base of the Black Hills.

North of Cheyenne.- H. Kelly, on the "Chug," has 500 stock cattle. He sold100 head
of American beeves at $70 per head.
Messrs. Ward & Bullock, at Fort Lara.mie, have 200 head of American cattle.
Adolph Cuny, so long a resident on the North Platte, has a herd of 1,000 stock cattle
between Forts Laramie and Ji'etterman.
Between Cheyenne and Sidney, on the line of t.he railroad, there arc several small
herds. At Sidney are the Moore Brothers, who have 12,000 sheep and lambs, and 1,400
cattle; 400 of the latter are American and very fine. The sheep sheared an average of
five pounds of wool per head last spring. They are graded merinos, and are in fine
condition. There is no disease among them. The Moore Brothers were ranchmen on
the South Platte prior to the. day of railroads, and are about returning to that stream
for grazing. Their place is the valley station of olden fame on the stage road. Above
them, on the Platte, at the old "Junction," Mr. Mark Boughton has 2,fi00 stock cattle.
He has as fine a cattle range as there is in the world, not excluding the Pampas of
South America nor table lands of Australia.
Farther down the Platte, at O'Fallon's Bluffs, on the north side of the South Platte,
Creighton & Parks have 3,500 stock cattle, 400 of which are Durhams. They range
twenty miles up aud down the Platte. Near them, below, is the herd of Mr. Keith, of
North Platte Station, who has about 1,000 head.
Mr. M. H. Brown has 500 head of stock cattle and beeves near the same place.
Across the Platte, in the neighborhood of McPherson, the Bent Brothers have 1,000
head of stock cattle, and will add another 1,000 the present season.
Messrs. Carter & Coe have a large herd near there, which numbers near a thousand.
Mr. Benjamin Gallagher has 1,200 head at the old Gilman ranche, twelve miles from
McPherson.
Progress t11!is season.-More real progress has been made in stock matters west of the
Missouri this season than in all time before. We have not only added to the numbers of
our herds and flocks, but we have given confidence to all our stock-growers and to
eastern people in the permanency and profit of grazing in the Trans-Missouri country.
We are ·now in easy rea~h of eastern markets. The railways are landing the heaviest
cattle in Chicago from the Rocky Mountains at $9 and $10 per head; we can sell thou-
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sands and tens of thousands annually to the Pacific slope, n.nd there is still an all-n.bsorbing home demand to stock our thousands of valleys.
The juture.-As every country in the \Vest rPeeives a new emigrant, n.nd his plow
turns the grass under, that corn and wheat may grow in its stead, tho range of tile
stock-grower is that niucll contracted and the area of grazing lessened. By reason of
the high value of lands for grain-growing purposes the people of the country east of
the Mississippi River are already coming to us for beef and mutton. Chicago and New
York pP-ople ure enjoying the juicy steaks from cattle fattened on our nutritious grasses
that grow in our valleys and on our mountain sides, close up to the perpetual snows of
the Rocky Mountains.
As immigration takes up more and more of the pn.stures east of us for grain, drovers
will be obliged more and more to come to us for beef. Texas, the great hive of cattle,
has received three hundred thousand settlers this season. The grazing area of that
State has been lessened ttt least a million acres thereby. Every,Yhere events point to
this Trans-Missouri country as the future dependence of the east for wool, beef, mutton,
and horses.
H. LATHAM,
Surgeon Union Pacific Railroad.
TEXAS CATTLE.

The following article from Dr. Latham on the cattle of Texas is Yery
interesting, and may be appropriately inserted here:
Texas is truly the cattle hive of North America. While New York, with l1er 4,000,000
inhabitants, and her settlements two and a half centuries old, has 748,000 oxen ar..d
stock cattle; while Pennsylvania, with more than 3,000,000 people, has 721,000 cattle;
while Ohio, with 3,000,000 people, bas 749,000 cattle; while Illinois, with 2,800,000
people, has 867,000 cattle; and while Iowa, with 1,200,000 people, has 686,000 cattle,
Texas, and forty years of age, and with her 500,000 people, had 2,000,000 heafl of oxen
and other cattle, e:s:clusiYe of cows, in 1867, as sho·w n by the returns of th o county assessors. In 1870, allowing for the difference between the actual number of cattle ownt'<l
and the number returned for taxation, there must be fully 3,000,000 head of beeYes and
stock cattle. This is exclusive of cows, which, at the same time, are reported at 600,000
head. In 1870, they must number 800,000, making a grand total of 3,800,000 head of
cattle in Texas. One-fourth of these are beeves, one-fourth are com;, and the other
two-fourths are yearlings and two-year-olds. There would, therefore, be 950,000 beeves,
950,000 cows, and 1,900,000 young cattle.
There are annually raised and branded 750,000 calves.
These cattle are raised on the great plains of Texas, which contains 152,000,000 acres.
Where they live.-In the vast regions watered by the Rio Grande, Nueces, Gaudalupc,
San Antonio, Colorado, Leon, Brazos, Trinity, Sabine, and Red Rivers, these millions
of cattle graze upon almost tropical growths of vegetation. They are owned by the
mnchmen, who own from 1,000 to 75,000 head each.
Gt·eat mnehes.-I will describe one or two of these great ranches, w~ich will represent to your readers the large ranches of this cattle hive. On the Santa Catrutos River
is the ranch of Colonel Richard King, known as the "Santa Catrntos Ranch." This
ranch consists of nineteen Spanish triggeus of land, or 84,1.32 acres. It is wn.tered
l)lentifully by the Santa Catrntos River and its tributaries. On this ranch are the
immense number of 65,000 cattle, 10,000 horses, 7,000 sheep, and 8,000 goats. One
tbousanu saddle-horses and 300 :Mexicans are constantly employed in belding, gather,..
ing, and driving this stock.
Colonel King brands annually 12,000 calves and sells 10,000 beef cattle yearly, and
invests the proceeds in stock cattle, thereby adding to his vast herds, in addition to
their natural increase.
O'Connor's much, twenty miles below Goliad, on the San Antonio River, is another
princely estate. He had 40,000 cattle in 1862, n.nd branded 11,772 calves, and was selling from $75,000 to $80,000 worth of beef-cattle annually. The foundations for this
wealth were laid in 1!:!52, when he commenced grazing with 1,500 cattle.
The Robideau:s: ranch, on the Gulf, between the mouths of the Rio Gramle and the
Nueces, owned by Mr. Kenned~', contains 142,840 acres. It is a fertile peninsula jutting out into the Gulf, and is fenced on three sides by the waters of the Gulf. The other
side is fenced by thirty miles of plank fence; every three miles of this fence has a
little ranch for Mexican herders. In this inclosure are 30,000 beef cattle alone, besides
the other stock. These three are types of the men in the older cattle-growing region
near the Gulf.
Tbe frontier counties are all rich in stock. Jack Young, Throgmorton, Stevens, Callahan, Coleman, Brown, Torrent, Elrath, Comanche, Palo Pinto, Hitt, and Johnson qre
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all great stock counties. These counties comprise the country drained by the thousands
of streams that form the Rio Grande, Nueces, Gaudalupe, San Antonio, Colorado, Leon,
Brazos, Trinity, Sabine, and Red Rivers, and is one of the best-watered regions in
America. The bluffs and table lands bordering and between these streams are cuvered
with "bunch," "buffalo," and mesquit grasses.
The cattle princes of these counties are John Hittson, who has 50,000 cattle ; Wmiam
Hittson, who has 8,000 head; George Beavers, 6,000; Charles Rivers, 10,000; James
Brown, 15,000; C. J. Johnson, 8,000; S. E. Jackson, 4,000; Robert Sloan, 12,000, (halt
Durham stock); Anderson Brothers, 6,000; Coggins & Parks, 20,000; Samuel Vanghn,
6,000; Martin Childers, 10,000; Cunningham, 1;,000; Mauskow, 8,000; Lacy & Colman,
12,000; John Chisholm, 30,000.
Jack Hittson.-John Hittson's ranch is in Palo Pinto County, on the Brazos River,
where he has 50,000 cattle ; he has 300 saddle-horses and 50 herders. He drives about
10,000 head of cattle north annually. Eighteen years ago be was working from daylight till dark in Rust County, Tennessee, a timbered section, felling trees, cutting,
rolling, and burning logs, and clearing the land to raise a little corn and wheat. From
experience in the forests of Tennessee, he knew that it would take the three score and
ten years of a natural life to clear away the trees and wear out the stumps, and not
fancying the doom of bard labor for life he sold his land, and with ()0 Texan cows and
9 brood mares turned his face toward the setting sun and the grass regions of the
Brazos. Less than a score of years have passed and he has 50,000 bead of cattle and
as many acres of land. Hittson is about forty years old, six feet in height, and broadshouldered. Has an honest, sunburnt face, with a square, firm-set under jaw, which,
as I looked at it, I thought was shut a little firmer, giving him a more determined look
than it would otherwise, but for a dozen or two encounters with the fierce and insatiable Comanches, who knew Hittson and his old, long, muzzle-loading rifle well, and now
know him with his ""'Winchester." I have often wondered what they thought when they
pounced on him with his new" Winchester," and received ten shots in a minute instead
of one in :five minutes. They must have thought the old rifle bewitched. At any rate,
they will give him a wide berth, unless they can creep upon him as the hunter does
upon the buffalo bull be does not dare to face. Mr. Hittson is establishing a ranch on
the South Platte, near old Fort Morgan, for use as his general northern headquarters.
He will winter 5,000 cattle there thi5 year, and bring 10,000 beau there for sale next
season.
John Chisholm, on the Concho River, is another of the cattle-raisers and drivers of
Korth western 'l'exas, who carries on the business on a princely scale, and whose experience is much like that of Hittson.
Of the thousands of owners of the 3,800,000 head of cattle in Texas, not one hundred
commenced with large means. They have built themselves np from small beginnings,
like Hittson and Chisholm .
.Markets.-Tho surplus stock is disposed of by packing, hy shipping by steamer to the
Gulf States, by driving clue north to Abilene, Kansas, and Schu~-ler, Nebraska, and by
the northwestern route to the Pecos River, where the droves divide, some going to
Arizona and California by the southern route, tho greater number, however, keeping a
northern course up the Pecos River to the Arkansa!l River, crossing at a.nd above Bent's
Old Fort, and thence along the eastern base of the mountains, through Colorado and
across the Black Hills to the Union Pacific Railroad, and on to the great valleys and
markets of 'Vyoming, Utah, Montana, Idaho, Nevada, and the Pacific States.
Drovers of the northwestern trade.- The parties engaged in this trade are: John Hittson,
who has driven 7,000 cattle this season; John Chisholm, 6,000; Frank Turkersly, 1,500;
McKidrick, 1,500; Stephen Jones, 2,000; \V. A. & W. P. Black, 1,GOO; James Hart,
1,100; Wilson, 800; J. B. Henderson, 1,GOO; \Villiam Forsythe, 1,500; C. C. Campbell,
3,000; Henry Martin, 1,000; Robert Wyte, 1,500; Samuel Goldston, 1,500; John Anderson, 1,500; James Patterson, 8,000; George F. Reynolds, 5,500; Charles· Goodnight,
5,000, and Martin Caven, 1,200. It is estimated by Texas dJ:overs, who have bad fine
opportunities to judge, that 100,000 cattle have been driven from Texas on this ronte
during the season of 1870. Of this number Montana has taken 20,000, Wyoming R,OOO,
Utah 8,000, Idaho 11,000, Nevada 7,000, and California 10,000; the other 36,000 have
been sold in New Mexico and Colorado-principally in Colorado.
The beeves arc selected out before the herds leave the Black Hills west. If fat, they
are at once shipped for Chicago and New York; if thin, they are left in the valleys of
Colorado, 'Vyoming, and Nebraska to fatten.
The amount of money hantlled by bankers along the base of the mountains from
Cheyenne to Trinidad is enormous. I have no data from which to calculate the amount,
but it cannot be less than $1,250,000. Every settler who comes into any of these m~un
tain Territories, every mine that is opened, every Indian who goes onto reserves and is
fed, every soldier who is brought into the country, creates an additional demand for
stock cattle and beef. As astounding as the :figures may seem, the supply has not been
ne.arly adequate to m~et the demand.
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Great preparations are being made in North"estern Texas to gather together herds
which in nnru bers have not been heard of before.
Abilene and Sclwyler.-Abilene has been the great market this year. At that place
the receipts of cattle have reached the enormous fi~nres of 200,000 head. The shipments for the month of September amounted to 60,000 head, or 3,333 car loads, or Ill
car loads per day, for the great corn-fields of Iowa, Missouri, and Illinois. It is anticil)ated that th shipments will reach 75,000 in October.
This gn.at c::.ttlc trade at Abilene, which has assumed such gigantic proportions, was
initiated in 1867, and has therefore counted only four seasons. In 1867, 75,000 hf'ad of
stock 'Yore received; in 1868, 1;!5,000; in 1869, 150,000; in 1870, 200:000. In 1869, on0
bauk alone in Kansas City handled $3,000,000 cattle money. The cattle driven and :.;o1cl
here arc from the eastern part of the State, from the Rio Grallde to the Red RiYers.
At fichn;yler, this year, which was an experiment only, 27,000 cattle were sold. The
First National Bank of Omaha handled $500,000 in consequence of this cattle hnsincsR.
I am informed by those who know that 40,000 more cattle could ha;ve been sold if they
had been nt SdmJ·lcr. Next year it is hoped the supply ·wm reach 100,000, as tlw demand for Nebraska, Iowa, Southwestern Minnesota, and Dakota will certainly require
that number.
racking is one of the great means of disposing of the cattle of Texas. Allen & Poole,
of Galveston, are packing immense numbers of cattle at Galveston, Indianola, and at;
Sh~eYcport and otlwr places. I am informed that they O\Yll more cattle than any otl:Jcr
firm in the State. This saltea beef finds market in our great eastern cities, with our
ll[LV,Y and merchant mariuc, and in every beef-buying mnrkct of Europe.
Refrigerator cars are looked forward anxiously to, to take the place of live shipments
as cheaper, healthier, and with no loss by long travel without food. If such Ahipmen1s
prov<' successful, every market east of the Missouri River and west of tlJC Sierra
Neva<l.as will receive bPef from Texas.
Such is the colossal cattle-raising, driving, and sl1ipping in and from TP:s:as, built up
where there were no markets and uo railroads to stimulate it. ·what may we expect
it to be 110w that there is a demand for it in every valley and on every prairie west of
the Alleghany Mouutains, and in every beef-buying market in the Atlantic States '(
GENERAL REMARKS.
THE PLAINS.

At present one of the most important and interesting of the many
questions relating to the great \Vest is, How can the Plains be made
useful to man~ And this, so far as it relates to agriculture, in\OlYes
two other inquiries, as follows: How much of it can be irrigated to
that extent required for the production of useful crops~ And bow
much of the remainder can be profitably used as pastoral lands 1 The
answers to these qu.:stions are of no small importance in the political
economy of the nation, but, on the contrary, deserve and should receive
the atteution of our statesmen. That which adds to the material
wealth antl productive energies of a nation is of far more importanee
than that which simply represents value, although the latter often
receives more attention than the former.
Take, for instance, the broad belt of country situated between the
99th and lO±th meridians, and reaching from the Big IIorn J\Ionntains
on the north to the Llano Estacado on the south, containing a bout one
hundred and fifty thousand square miles. Must this vast area remain
forever unproductive and useless, without a l'igorous effort being made
to redeem it and make it valuable~ If but one-fifth of it could be
brought under culture and mado productive, this alone, when fully improved, would add $400,000,000 to· the aggregate value of the lands
of ~be nation. And taking the lowest estimate of the cash value of
the crops of 1H69 per acre,* it would give an addition of more than
$200,000,000 per annum to the aggregate value of our products.
But returning to the inquiries before us, I may state with all confidence, in answer to the latter, that the extent of the pastoral lands is
fully equal to all the demands, for grazing purposes, of the population
*Agricultural Report, 18m>.
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that will e\er occupy this region. The first inquiry cannot be correctly
ans,verecl until we have receh·ed more data than at present in our possession. Yet the answer is not impossible, for it may be given with ~mili
eicut appro);:imation for practical purposes. Let the following statistics
he procured, and then tLe solution can easily be obtained by simple calculation.
First, the extent of the land sufficiently leYel for cultivation and irrigatiou upon which water can be brought from the streams of tllis section; second, the rate of the descent of these streams and of the plains
across which they :flow; thin1, tile amount of the rain-fall during tllat
portion of the year when it is needed to supply the growing crops with
moisture ; fourth, the volume of water that :flows down from the mountains and enters upon the plains during the same season.
Sufficient statistics in the first, second, and third classes have already
bc>en obtained to indicate the result; hut, before presenting these I may
state, in order to limit our investigation as much as possible, that we
may confine them to that part of the Plains lying west of the 99th meridian, as east of this the precipitation of rain is generally sufficient to
snpply the demands of agriculture, and it is more than probable that
any deficiency that may exist there will be compensated by the increase
that will probably occur when the water is more equally distributed oYer
the western part of the Plains.
1. As to the extent of the levelland. The answer may be given, in
gPneral terms, that this is equal to the utmost capacity of the streams
that traverse this section; nor is it worth while to give partjculars to
prove this assertion, as a simple glance of the eye of the traveler, as he
passes across tllis 'broad expanse, will satisfy him of its truth. Oue/
~':lingle Yiew from a slightly-eleyated point often em brace& a territory
t'qnal to one of the smaller States, taking in at one s"·eep millions of
aeres. Eastern OoloraL1o and Eastern \Vyoming eacb contains as much
Jan<l sufficiently lm·el for cultivation as the entire cultivated are of
Egypt.
:3. Is tho rate of descent of the streams sufficient o carry the
npon these lauds'? In my description of the vari LlS sections
have
already answered this inquiry in part; but as t ese statemen ·s bave
ptincipally applied to the country near the mo ntains, I will present
:-;ome statistics wl.1ich are snfticient to give a ~eneral answer on tllis
point. The fall of the Arkans:m from Calion City to the mouth
of Pa\Vllee Fork \which is about the 99th meridian) varies from
fifteen to eleven feet to the mile. This is sufficient, with a canal one
lnnHlredmiles in length, to send its waters over a plain one thousand
feet high. The average f~lll of the Canadian is al>out the same. From
Den\er Junction to Fort Hays, near the assumed meri<lian, the descent
is nine feet to the mile ; sufficient, with a, canal one hundred miles long,
to pour the waters of tile South Platte on a plain six hundred feet high.
The fall of the South Platte between Denver and its junction with the
:North Platte is about ten feet to the mile, and tllat of the North Platte
from Fort Fetterman to the same junction is a little over seven feet to
the mile. These figures give a favorable answer to the second inquiry,
rshowing that the descent of the streams and plains is sufficient to allow
eYen the higher table lands. to be irrigated, lea,ving only the question of
a supply of water. I have not brought into this investigation the inquiry in regard to the producti \-eness of the soil; for I take it for granted
that whereyer it can be irrigated it iA~ productive.
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Wa rer is the tbillg' demanded, the only element needed except tl1e
flpplieation of human energy, to render this broad area prodncth·e;
Nature has supplied all the other elements, ready for use. llnt hm'T
mnch water is necessary~ :From the best records at hand \relearn that
ihe region around \Vashington City recei,·es tw·enty-one inclH~s rnin-fall
during the spring and summer months; that around New York, 2:3; the
-vicinity of Cincinnati, 25; :Missouri, 2G; J\liclligan, 18; aud the reg-ion
around Leaven'.Yorth, ~0. But George P. l\Iarsh,'"' following the Rtatement of Boussingault, tells us that se,Tenteen and one-third inches Rufliee
for the sanely soil and dry climate of Egypt, counting one lnmdred mHl
fifty days as the length of the irrigating season. As there is no rain
there, this entire amount must be furnished by irrigation.
As shown by experience in Jmnna, in Inuia, a discharge of one cubic
foot of water per second is sufficient to irrigate two hundred and eighteen
acres-one hundred and fifty clay8 here, also, being assumed as the irrigating season.t Tllis is equivalent to about sixteen and one-third inches,
to whieh must be added one-fifth, (the rain supplying one-sixth of the
whole amount,) which gives a total of about nineteen and one-half
inches. This varies but little from the estimate given by 1\Iar.:h, and
falls between the amounts as gi\·en for :Michigan alHl Leaven\Yorth.
Assuming the amcunt given by 1\Iarsb. to be a sufficient supply for the
growing season on the Plains, we arrive at the third inquiry.
3. \rlwt portion of this is furnished by the rain-fall during this part
of the )·ear~ \Ve have but little data upon this point, yet sufficient is
known to enable us to make au approximate estimate. The meteorological records kept at Fort Laramie, Santa Fe, and Port Lyon (as given
by Blodget, Foster, and Elliot) show the average rain-fall for the spring
and summer, taken together, as follows:
:E'ort Laramie, 1±.30 inches; Santa l!"'e, 11.73; Fort Ijyon, G.3G. ~\. n
a-verage of these three places is 10.82 inches, which, deducted from
17.3±, the amount of 'vater necessary, leaves G.52 inc1H'S to be ~nppl~ed
by irrigation. But I think this estimate of the rain-fall on the l~lain!'{ is
too large, and that a further examination of the more recent ·obsernltious and records will reduce it. I judge that sen=•n incheR, or, to make
the remainder a round number, 7.0± inches, will be mueh nearer the
correct figure. Nor do I arbitrarily assnme this average, but from
incomplete data, not necessary to be repeated here. If too small, the
calculations based upon it arc certainly safe; if too large, the error will
be much less than it would be if we assume tl1e lm·gel' amonnt, and it
must be very near the lowest possible average, which, for the dryest
sections, is seldom placed less thau iive inches. This, then, 'vill.leave
10.3±, or, in round number~, ten inches to be supplied by irrigation.
4. Now, an answer to the fourth question-what is the yolume of
water brought down by the streams during the spring and summer·?would enable us to tell at once the arf'a that can be rendered tillable by
the aid of irrigation. But, uufortunately, at this point we are withOt{t
reliable statistics. Few or no streams have been accurately measured
with this object in view, and but few have even been rongllly estimated.
vVhile in Italy and India this has been a matter of careful stnd,y; the
necessity for irrigating any of our lands having beeu but recently felt,
it ~'1S not been attended to. But the rapid influx of population into
the great plains and mountain regions of the West is causing the importance of attention not only to this, but to all that bears upon irrigation, to be felt more and more each year.
*In ''Man :mel Nature."
t Smith'5 Italian Irrigation, vol. I, p. 378.
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The rough estimate I made of the volume of water in the Nortll
Platte, near the Old Bridge, above Fort li"etterman, showed a discha.r ge
of about fourteen hundred cubic feet per second. The width at a narrow and somewhat rapid point was supposed to be about one hundred
and sixty feet; the average depth two feet; the rate of the current
about three miles to the hour. The river at this season (August) wa~
low-at most, not more than two-thirds or one half its usual size in the
spring. Supposing it to have been two-thirds, this would give, as the
:1verag;e discharge during the irrigating season, two thousand one hnn(lreu cubic feet per second. Calculating by the rule given by Captain
Smith as applicable to the dryer sub-Himalayan districts-that one
cnbic foot per second irrigates two hundred and eighteen acres-we
obtain the following result: ..._1\_s but ten-sixteenths of the water required
there is neces~;;ary here, it follows that one cubic foot will irrigate 348.8
aP.res, or, in round numbers, three hundred and fifty acres. This gin's
the total amount which can be watered during the season of one hundred and fifty days, by a canal drawing off the water at this point, at
SP.ven Jmudred and thirty-five thousand acres, or nearly eleven hundred
and fifty square miles. As no area, when most densely populated nml
ill the highest state Qf culti-vation, will ever require more than one-half
of the land to be absolutely and fully watered eaeh year, we may estimate the territory that can l>e brought into use by such a canal at one
million four hundred and seventy thousand acres, or two thousand three
hundred square miles; -which would add at least $25,000,000 to the
value of our real estate, and fully $10,000,000 to the yearly -value of our
productions.
.
Galcuhtting by the method which Marsh has adopted, the result is
very nearly the same. The daily distribution would be .067 of an inch ;
at which rate the area irrigated would be eleven hundred and seventy
square miles, or al)Out sm'en hundred and forty-nine thousand acres.
These results show a difference of less than two per cent., which is
somewhat remarkable consid::oriug the entirely different stand-points
from which they start.
It rna.y be argued that this caleulation makes no al1owan,ce for the
loss; but that it is based upon the assumption that all the 'vater is made
effective. This is a mistake, for it is based upon aetual experiments,
showing the flow of water necessary to irrigate a given area, including
all loss except the absorption by the bottom and walls of the canals;
and this in India, e-ven in the sandy districts, does not exceed five per
cent.
This calculation is certainly a safe one, as the rain-fall is reduced
nearly one-third below that given by the authorities on the subject, and
the lowest figures are used in regard to every other item. The point of
the Platte selected for observation was favorable, as it presented about
an average of velocity. Taking the a-verage fall at only seven feet to
the mile, if we follow the rule gi-ven by Dwyer in his "Treatise on
Hydraulic Engineering," the velocity would be about two hundred and
:ninety-five feet per minute, while I have assumed it to be but two hun£lred anu sixty four feet.
Another point connected with this subject, but upon which I have no
information, is certainly worthy of investigation; it is this: What will
be the result in the bed of the stream below the point from which the
water is drawn? Will it contain only the water furnished by the tributaries entering into it below this point' In the tract of country in
Iw1ia lying along the base of the Siwalic Hills, both east and. west of the
G[ nges, it has been noticed that, although all the water was drawn
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from the bed of the stream, below this water would commence issuing
from the porous soil. So large is this supply in some instances, tllat
the amount due to percolation in the Jumna is estimated at one thousand eight huudred and sixty cubic feet per second, while tlle total
amount at the canal heads is placed at but three thousand four hundred
and ninety cubic feet; showing a restoration by percolation of over fifty
per cent. The same thing has been obser-ved in Northern Italy. .l\1.
Lombardini states that the Ticino at Tornavento, the Adela at Cassano,
and tbe Oglio at Torre Pallavina, in times of great dryness, are entirels
cloeed and exhausted. Yet, without the aid of any visible aftlueut
wllatever, the streams soon reappear, formed by new supplies uerh-ed
from percolation through the banks and springs in the beds, so that
they early again become navigable.
While it is not probable this would be the case at that distance out
upon the Plains where the streams now begin to sink, yet there is nothing to forbid the presumption that it would occur nearer the mountains
and along those streams which ha-ve their sources in the snowy ranges.
But it is necessary to study carefully all these points before the agricultural capacity of the great West can be known.
In my estimates of the heights which might be reached by irrigating
ditches I have confined myself to the rule generally adopted in the
'Vest, of giving to them a descent of from three to five feet to the mile.
But the longitudinal slope of the Ganges Canal varies from twelve te
fifteen iucbes; and the larger canals in Italy generally have a desceut
of from seventeen to twenty-four inches to the mile.
LAND GRANTS.

It may not be improper for me to say something in respect to the influence of land grants upon agriculture in tllis part of the \Vest.
While I believe that. the laws grant.ing homesteads to actual settlers
are wise and proper, and should not be abridged, yet I uo not think
that a fear of encroaching upon them should prevent such judicious
grants in that section as would ha~'e a tendency to dmrelop it. I arn
no adYocate for the indiscriminate granting of land all over our country
wherever asked for. But where there is a section which cannot be developed without some aid of this kind, then it is wise in the Government
to bring it into use, if every foot of the soil be required to do it. The
question in such places is reduced to this one point: Shall the soil fore,rer remain idle and valueless, or shall it be brought into use by gidug
portions of it for its redemption.~
As remarked in the introduction, there are facts and principles which
hold good in the rain-moistened sections which entirely fail in the West.
In the former each quarter-section cau be brought under cultivation
without any other preparation than clearing it of timber, save the
swamps and rugged mountains. But in the latter water must be
brought to the lands by means of ditches and canals, which, as in the
case of the higher levels and broader plains, often costs an outlay of
thousands of dollars. Hence combination or capital is necessary, in
order to do this at a reasonable cost per acre. The immediate bottoms
of the streams can and will be brought into use chiefly by indiddnal
efforts, as here each farm can ha-ve its own acequia at a moderate expense. But these compose only a small proportion of the lauds that are
susceptible of irrigation and culture. The greater part of the remainder
''"ill require ditches or canals varying from five to fifty or more miles iu
leugth, yet by making these of proper dimensions and taking in as large
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a scope of country m:; possible, the cost per acre will often be leHs than ·
that of the Jmver land~ where each farmer digs his own ditch. Bencr i.t
is not to be presumed that a man of small means, who is serkiug a homestead under the la\v, will attempt to settle in a place where such au
ontlay as tllis is required; and yet these lands when irrigated and cultivated will generally prove as producti\-c as the bottoms \Vhich ski1-t the
streams. No more likely is he to do tl1is than he is to settlr in a bog that
must be drained at a heavy expense before it can be rendered tillable.
Therefore, while I believe it is proper and right to give every possible indncement to actual settlers of ·--;mallnwaus, that they may lutve permanent
homes of their OID1, I also oelieve that the chief impetus that can be
given to bring about the settlement and development of these Territ~)ries \Yill be by judicious land grants to colonies and railroad companies.
I know there is a strong pre;judice growing up in the minds of a large
portion of the people against sueh grants, and probably not V~ithont
reason; yet, while striving to avoid one extreme, an evH is seldom cured
by rmming to the other. ..A.nd while I would advocate limited and judicious grants in sections where irrigation is necessary, 1 do not include
the giving of aid by money or subsidies, for these in the end ge>nerally
flo more harm tban good, sometimes absolutely retan1ing that developmt'nt of the country 'vhieh would be made through the efforts of tbe~e
eolllpanies without such aid . Nor, as a general thing: is it l>est to make
gnmts to railroad companies along the valley of one large stream for
auy great distance, if the price of the alternate sections is thereby increast•d, as this 'Youh1 abridge the privileges of settlers and purchasers
of smnllmeans. It 'Yould also present a stl·ong temptation to the compauy to purchase the remaining sections and put up the price, and thus
f<.1il to accomplish the very o~ject for which snch grants should be made.
I believe tlle true policy, so far as the country immediately east of
tllC Hoek~- .Mountains is concerned, is to grant inducements to the con:structi0n of roads north and south, at sn<:ll a distauce from the base of
these mountains as to compel the companies to cut canals of consillcraule h:ngth in order to bring their lands into market. For example, a
YPry jndieions grant might be made for a road ii.·om some point on the
K<.m~<!S Pacific Hailroad east of Denver, (fifty or oue lm tdred mile:.;;,)
by way of Cimarron Pass to Albuquerque, in )[ow 1\Iexico, if not allowed
to run too close to the mountains. Dnt the question may be aRkeu,
'Yhy prevent it from running ncar the mountain base~ Becam;e here
tho laud is easily inigated, and will be settled without this aid, aml,
therefore, not only is such a grant unnecessary to the deYelopment of
this section, bnt it al>l'idges the rights granted under t,he homestead
laws. ~or is it good policy, on account of tlte importance and influence
or an intermediate to\Yn or locality, to bend to any grc~:t degree to meet
tllis demand, for the importance of the place will u1timately gi,.,.e it a
railroad connection without GoYernment aid, thus increasing the railroad facilities under the same grant.
Sonth of Albuquerque, any aid given should be for roads running
ea::;t and west, rather than north and south, as here the general course
of the streams is south instead of east. It \Yould be improper for me, in
tiJis report, to attempt any lengthy argument to prove this position;
nor is it ne<~essary, for the careful study of any good map of this part
of the \Vest, by one not interested in land grants or railroads there,
will convince him of the correctness of my position, if be takes agriculture as his stand-point.
Anotller judicious grant might be made for a road running from
Cheyenne, o1· some point on the Union Pacific Hailroad east of Cheyenne,
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north into 1\Iontana, follo-wing lwre also the rule before laid down, that
is, not g'oing too close to the mountains, and not allowing it to continue
in the North Platte Va.lle.v for any great distance.
Such l concei\·e to be the true policy, looking at the matter from an
agricultural point of view. But it may be said that the mining interests
demand roads into the mountains, and that GoYernment shouhl foster
this branch of industry as well as any other. '.rhis may be tnw in part,
but I think the Governm ent shonl<l look first to the de\·elopment of
that which has the most elements of permanency, and which, when once
put in motion, will continue to grow and increase by its own inherent
Yitality, that which gives homes, l1appiness, and stability to its citi~ens.
And besides aU tllis, if the main trnnks arc built along the plains
parallel with the ranges, local interests will induce the construction of
shorter Jines into tt e mountains \\hercYcr nee(1e(l. It is not \Yol'th
while for me to elaborate these ideas, as the intelligent reader can
readily see their bearings.
The instances gi\·en are only used as illustrations, as there are other
sections where jm.1icion8 grants might be made, aud which would be
the means of briugiug into use large bodies ofland \Vbich will long remain
valueless \Tithout some ~1id of this kind. I mention these because they
are "'ithin the bounds of the territory under cousi<1eratiou in this report.
I might add, also, that a. road from Salt Lake City to St. George, in
Utah, would greatl.v assist in opf'niug np a. ver.Y important section, all(l
would form one link in the great line \Yhich will some day traverse the
length of the great inter-alpine trongh from the Dalles to the mouth of
the Colorado. And perhaps it migl1t render Yalnable assistance in
solving a troublesome question; a11d it is ahvays better to cure an eYii
by benefiting, "·here it can be done, than by harsh measures, be they
ever so just.
These roads, whcreYer they pass through Indian countries, won1<1
not only greatly lessen the expense of mmtary transportation, hnt
would also have a tendency to clleelc their depre(1ations. Therefore it
is not wise for the Government so to biml itself by treaties that the
right of way for railroads cannot be gh·en through reservations. ln
fact, it is my opinion that the policy of making treaties \Vith them, a"l
qnasi-nationalitieP>, is detrimental to the agricultural development aiHl
best interests of the Vv.,. est. Perhaps I ought not to express my YiewR
so strongly on a collateral topic. Bnt the Indian question does have a
very important lwaring on the subject of this report, and for this reason
I shall briefiy alludP to it again.
It is possible that some gmJCral la\V might be passed which won1<1
induce colonies to settle isolated sections where bodies of arable lm!d
of limited extent arc to be fonnd. Something of this kind is certaiuly
desirable in those portions of these Territories where there is no prospect of railroads being extended to them for some time to come. Assistance given by proper grants for the construction of leading canals, "·ith
reserved rights to the settlers on the reserved sections, would certainly
be a. means of bringing into market and into use large bodies of bud
which will otherwise remain. for a. long time idle.
INDIANS.

The present Indian policy, which doubtless looks forward to the localizing and settlement of these roying tribes, is intimately connected with
the agricultural developnu=m t of the \Vest. Unless they are localized
and made to enter upon agricultural and pastoral pursnits tlley must
ultimately be exterminated. There is no middle ground between these
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extremes-one or the other must be the :final result. If this be so-and
I think it will be conceded by all who have given the subject any serious reflection-then it is very important that the agricultural capacity
of the Territories, where they are to be found, should be ascertained as
soou as possible, and the extent awl locality of the arable district
adapted to such settlement determined. But these roving sons of the
rlains know nothing of agriculture, they know nothing of the principles of inigation, and hence they must be taught, and to do this the
locality for each tribe must be fixed, and the experiment tried. Some
of the Indian agents, I believe, haYc entered upon this work, which, if
properly managed, will in all probability result in more good than any
other that has been tried. But if persuasion, after a tlwrough trial,
fails to bring a tribe to terms, then compel them to it; for one restless,
roving band may destroy all the good that might be effected with half
a dozen others. Lend a helping, fosteriug band to all that are willing
to enter upon permanent settlements, but make no treaties and grant no
annuities to those that refuse to come to these terms. If extermination is the result of non-complia,nce, then compulsion is an act of mercy.
The how, I leave to others to decide. But looking at it from the agricultural side of the question, I certainly conceive it to be a necessity .
.ARTESIAN WELLS.

The possibility of obtaining water upon the plains by means of artesian wells bas engaged the minds of many persons for a number of years,
but thus far the attempts have not proved successful. The one made by
General Pope on the Llano Estacado, in New :l\Iexico, is well known, bnt
the failure in this case, if it can truly be called a fhilure, has not been sufficient to decide theq 'lestion, especially in regard to that portion of the conntry lying north of the" Staked Plains," where the conditions are different.
The latest attempt of '\\hich I have an,y knowledge is the one recently
made at Kit Carson, on the line of the Kansas Pacific. Hailway. The
following account of this work I take fhnu a recent communication on
the subject to Dr. F. V. Hayden, from 1.\<Ir. H. S. Elliot, industrial agent
of this railroad company :
Stmta passed through (including the woo<.l conductor near the surface) arc as follows:
Feet.

Con<lnctor of wood from the surface_ 40
Blue mnd ______ ------ .. ------------ 2CO
Gray slate. ____ .... _.. _.. __ .... __ . _. 700
Magnesian limestone __ .... ___ .. __ - _. 70

FcJt.

Gray sm~(l rock ... __ .... __ . ___ .. ____
:30
Black !:>late ........ ----.-----·----·· 100
Slate and slmlc mixed ... _ .. ___ .... _ 100
Black slate, (in which the uoring stopped).------ ....... _....... _... _.. 160

Total depth._-. -.-- ---- . ----. -- .. ---- -.-- --.- ----- . --- ---- . --- _.. ____ . 1, 460
Captain Gmnt, who has charge of the work, states that at the depth of tbree hundred
feet a crC'Yicc was reached, auotlwr at three hundred aud forty feet, au<l another at four
hundred feet; and that at tho depth of fonr hundred aml fifty feet a :tlow of salt water
·was obtained, but that at no point has a,uy fresh water been foun<l. From the crevices
struck, and from the size of tho pieces of shale, slate, &c., brought up, he infers that the
strata arc inclined at a high angle. \Vben the work stopped the wa,ter arose above tho
point at whi<lh it comes in, bnt how near the surf:: co it stands has not, been ascertained.
\Vhcther the company will continue its operations here, or not, has not been determined.

Although this experiment does not decide the question, yet on the
whole the result is unfavorable, and indicates, to say the least, that to
obtain flowing fresh water a great depth will be required. I am therefore inclined to think it is best not to count upon these as a means of
increasing the breadth of tillable land.
I belieYe an attempt has been made at Lincoln, in Nebraska, but am
not informed as to its progress or probability of success.

I.-A LIST AND DESCRIPTION OF NEW SPECIES OF OH-

THOPTERA.

BY PROF. CYRUS TII0:\1AS.

LIST.
GRYLLIDES.

Stenopelmatus, Santa, Fe, New Mexico. Too much mutilated to be determine<:l.
GTyllus abbreriatus, Scrv. Found throughout eastern Colorado.
Oecantlws nireus, Harr. Found along tlw streams from Fort Fetterman to I!aton
Mountains.
LOCUSTARL'E.

Anabrus Halclemannii, Girard. South Park, Colorado, and ncar Laramie River cast of the
Black Hills, Wyoming .
.Anabrus Sterensonii, Thos. Northeastern New Mexico .
.Anabrus 1ninutus, Tbos. Northeastern New 1\Iexico.
Thamnoil'izon (.lnabnts) ]J111]Jll1'CISCCCilS, Uhler. South Park, Colorado, anu near Laramie River, cast of the Black Hills, ·wyoming.
Thamnotrizon trilineatus, Thos. Northeastern New Mexico, and South Pass, \Vyoming.
E]Jhippitytha !J1Ytcilipes, Thos. Southeastern Colorado.
Orcl~elimum vul!Jare, IIarr.
Found throughout the eastern part of Colorado anu
Wyoming.
Xiphiclill1n Jasciatum, Serv. Colorado.
"Cdcopsylla 1·obusta, IIald. Throughout Colorado, 'Vyoming, and Utah.
Ceutlwphilus llirergens, Scudd. H:udscrabble Creek, Colorado, and Reel Buttes,
Wyoming.
ACRIDII.

Opomola neo-mexicana, Thos. Northern New Mexico, and along Cottonwood Creek,
Wyoming.
Acric1ium jlaro-fasciatum, De Goer. Southeastern Colorado.
Calo1Jtcnus biriltatus, Say. Colorado, ·wyoming, and Utah.
Caloptcmcs sprctus, Uhler. I have traced this species from the borders of Nevada and
Idaho on the \Ycst, to Missouri and IoYm ou the east, and from the Raton Mountain'3
on tho south to tho Big Horn Mountains on the north, but have discovered its limits
only toward the south and east.
CalO]Jfenus jcmlo·-rubrmn, Dc Gecr. Common east of the Rocky Mountains.
Pezotcttix borealis, Scudd. Mountains east of Middle Park.
Pezotettix picta, Thos. From Cheyenne south to the Arkansas River.
B,·ach!J1><1Jlus 71W!JIWS, Girard. Along the head-waters of the Arkansas, and near the
Laramie River east of the Black Hills.
Boii]Jedon nubilum, Thos. Near Canon City, Colorado.
Boopedon jlaro:fasciatum, Thos. Southeastern Colorado.
Oedipo<lrt Caroliua, Linn. Found at a few points in Colorado, especially south of
Denver.
Oerlipoda corallipes, lbld. Colorado, \Vyoming, and Utah.
Oeclipoda aequali8, Say. Common in Colorauo and \Vyoming. This is an extremely
variable species.
Oeclipocla trifa8ciata, Thos. Common throughout \Vyoming, Colorado, Northern New
Mexico, an<l Nort.hcrn Utah, on the elevated phtteaus.
Ocdipodct ncglecta, Thos. Eastern Colorado and North Platte Valley, west of Fort
:F'ettcnnan. I have also collected some specimens in Southern Illinois which appear
to be identical with this species.
Oeclipocla carlin!Jiana, Thos. Coloraclo and 'Vyoming.
Oedipoda cincta, Thos. Southeastern Colorado.
Tomonotub Mcxicanus, Sauss. New Mexico.
1'umonotus nietanus, Sauss. Southeastern Colorado and Southeastern \Vyoming
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Tomonotu8 psczll?o-nietcmus, Thos. Ncar Calion City, Colorado, and ncar Fort Fetterman,
Wyoming.
Stauronotus Ell:'otti, Thos. Colorado and \Vyoming.
( Gryllus) fonnosus, Say. Southeastern Colorado. A new genus -v.·ill haYe to be est::tbli~>hc(l for the reception of this species .
.Acrolopllitns hirtipes, Thos. Near Calion City, Colorado, and at Fort D. A. Russell
\Yyomiug.
Stcnobotlmts obionus, Thos. Southern Colorado.
Sll'l!obotllrus bnmncus, Thos. Colonu.l o ::tnd \Vyoming.
Stcnobothrus quaclrimaculatus, 'rhos. Colorado and \V,roming.
DESCRIPTIONS.

i

i

Althoug'h most of the following species haYe been described by me,
an<l the dt>scriptions published in the '' Proceedii1gs of the Academy of
Natural Scieuces, Philadelphia," for 1870, (pp. 74-84,) yet it is proper
that the descriptions should be inserted here, as they constitute a part
of the work of the expedition. Those only will be marked as new which
are here described for the first time.
I follow the arrangement adopted by Scudder in his catalogue, although
it is not altogether the one I should prefer.
LOOUST1-\..HI1E.
ANABRUS, (IIALD.)

The characters of this genus were not fully given by ProfeRsor IIaldemau y;beu he established it, and those subsequently added by Girard arr scarcely sufficient to distinguish it from other .closely allied
genera. llaving both sexes of three species, I giye the following as
the principal chara.cters:
General character : Head large, smooth, aclnmced in front between the
antennm. Prouotmn selliform, extending over the base of the abdomen;
ronntled and smooth; anterior portion of the sides reaching below tl1C
eyes; posterior margin and ftngles round. Prosternum bidentate; posterior angles of the meso-sternum elevated and acute. El;ytra very short,
baviug the form of scales in the males; covered by the prouotum ill the
females. Autenum longer tlwn the body, sometimes extending beyond
the OYipositor. Eyes ovate; labrum round; maxillary palpi twice the
length of the labial, the three outer joints nearly equal, terminal enlarged
at the tip. Abdomen. stout, of moderate length; the sub-anal plate of
the male large, Rlightly notehed at the tip, furnished laterally with filiform
append.ages which appear to be articulated at the base; the cerci (or
substituted appendages) sub-cylindrical, enlarged and generally bifurcate
at the extremity. OYipositor long, bent beyond the middle. Cerci in
the female small and gcnerall.r hair:r. Legs slender; posterior pair very
long; femora enlarged next the body, bnt slender and straight beyond
the middle, as long as the body (omitting the head); posterior tibia
long as the femora, slender; all the tibi::e JH·ovide<l with. four rows of
spines, the anterior ro\\-s often scattered and irregular. A stout dcuticuloid process above the anterior coxa. The tarsi broad, soles conca\'e;
third articulation cordate.
This genus differs so slightly, in description, from T lly> eonotus (Serv., )
that there is scarcely a necessity for its retention; but an examination
of the species is necessary to decide this point. A purpurascens (Ulller)
not having the prosternum spined, has been remoYed to Thamnotriz.on,
(Fisch.)
A. Stevcm:onii, Thos. Syn., A . Stc?:ensonii, Thos. (Proc. Acad. Nat.
Sci., Pllilu., 1870, p . 75.)-Female: Pnrple mottled with yellow; form
1
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and coloring some-what similar to A. purpurascens, (Uhler,) but sma1ler
and slemlerer in al! its parts. J.i"ace ·white, the tra11sverse suture below
the front fuscus; tips of the mandibles i)iceous; palpi pale, the penultimate joints of the maxillary pa1pi striped with purple above; antenm-e long and slender, reaching nearly to tlle extremity of the ovipositor,
dusky; cranium cinereous, with the \ertex, and a line extending back
from each eye, dull white. Pronotum short, not carinated, a slight
trans\-erse incision near the frout; two oblique dorsal impressions, dark
and very narrow; surface smooth, lurid ; a large black spot occupying
the central portions of the sides bellind the trausverse incision; lateral
margins broadly, and anterior margins narrowly bordered with pale
:yellow; posterior angles tipped with piceous black. Elytra hid beneath
the pronotum. Abdomen dull purple, somewhat darker along the sides.
Ovipositor slightly curved beyond the middle, piceous at the tip ; cerci
slender, hairy; beneath dull whitt'. Anterior and middle legs short;
femora slender and straight; posterior legs very long and slender ; femora and tibim, each the length of the body, omitting the head; all pale
purplish-yellow; femora smooth; tibiru with spines irregularly placed on
the mJgles, also on the rounded portion, black at the tips. The spine
above the anterior coxa pale, slender, and bent abruptly downward.
Length 1.13 inches; pronotum .26 inch; posterior femora .93 inch;
ovipositor .75 inch.
Habitat: Southern Colorado, on elevated grassy terraces near the
mountains and the parks. Named in honor of l\1r. ,James Stevenson,
a mcm l>er of the expedition, who has for a number of years accompanied
Dr. II ayden in his western explorations, and has been a diligent collector
of specimens in all departments of natural history.
A. minutus, Thos. Syn., A. minutus, Thos. (Pr c. Acad. Nat. Sci.,
Plliia., 1870, p. 75.)-l\iale: Similar in coloring and appearance to tLc
A. Stevensonii. li1ace mottled with purple; a dark spot belmv each eye;
a narrow line l'nnning back from the upper corner of each eye; craniu'n
cinereons; lwad somewha.t CO\Tered by the pronotum. Pronotmn short,
rounded, smooth; trans,-erse incision almost obliterated; oolique dorsal
impressions irregular; dorsal portions cinercous ; sides with a triangular
blaek spot, interrupted by light spaces, broadly margined with dull whit<';
lateral angles tipped with piceous-u1ack. Elytra short, e.x tcnding onT
the second abdominal segment; margins pale yellow, central portions
brown. Abdomen einereous, a darker line along the sides; lJOtf'h of the
sab-aual plate ycry small; appendages small, hairy; the tip of tho 1.:.::-;t
dorsal segment strongly bifid, denticulate. The cerci (ruse thiR tc1·m
for those appendages supplying the place of cerci) slightly bent, bifurcate.
Legs same color as the abdonwn and cranium; anterior pair quite short;
the middle pair a little longer; the posterior Yery loug, femora marked
\Tith a dark line along the upper carina; tibire slender, spines tipped with
brown. Antennm at least twice as long· as the body.
Length, .75 inch; posterior femora, .62 inch; elytra, beyond the pronotum, .1 inch.
Female: Similar to the male in appearance, coloring, and size. Cerci
small, hairy. Ovipositor bent, slightly narrowed in the middle; bro \Yll
at the tip. Length as in the male; ovipositor, .55 inch.
Habitat: EleYated gras8y terraces in Southern Colorado, South Park.
Some specimens of these two species have, on the under side of the
posterior femora, abont four or five abortive spines, especially the older
or more mature ones. Sometimes the places of these spines are indicated
by mere points, viRible only under a glass. This fact may be important
in fixil1g th~ position of this genus, which is eyideutly ouc of transition.
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TIIA~INOTRIZON, (FISCIIER.)

T.purpurascens, Thos. Syn., Anabrus purpurascens, Uhler. (Proc. Acad.
Nat. Sei., Phila., p.-.)-Ihaveremoyed this species fromAnabnts because
the prosternum is not spined, which must be a prominent character of
t]1at genus to retain the other species. Tlle original description by Mr.
Uhler is so full and clear that any addition is wholly unnecessary.
Found in South Park in considerable numbers, also in vV;yoming, east
of the Black Hills, on elevated plateaus.
T. trilineatus, Thos. Syn., T. trilineatus, Thos. (Proc. Acad. Nat. Sci.,
Phila., 1870, p. 76.)-Female: Small, somewha.t like Anabnts minuttts,
(Thos.,) but showing some important \·ariations which place it in a different genus. Head moderate size, immersed in tbe pronotum nearly to
the eyes ; occiput very short, convex ; vertex rounded between the
antennm, sliglltly adYanced in front, this adYanced portion triangular
and deflexed; face short, broad, smooth and somewhat conyex; labrum
large, ronnel. Palpi rather longer than usual, slender, cylindrical, terminal joint of the maxillary palpi longest. Pronotum small, rounded,
not carinated; advanced in front over the back of the head, margin
round, or sub-truncate; posterior extremity advanced 0\·er the base of
the abdomen, 1·ound; sides narrowed below, reaching down about as far
as the lower border of the eyes; posterior margin of the sides sloped quite
obliquely, slightly sinuate. Antennm reach the tip of the ovipositor.
Ovipositor about the length of the body, slightly bent; cerci short, stont,
coYered with minute, depressed hairs; the plate between them triangular. Prosternum not spined. Anterior tibim with two spines in front;
medial with two rows on the outside, 4 (counting the one at the base)
and 2. Posterior legs wanting in the only specimen obtained.
Color (siccus:) testaceous green, striped and varied with pale yellow.
Face testaceous, palest below, with a brown spot at each lower corner.
Three pale, tolerably broad, yellow stripes reach from the head to the
end of the abdomen; one along the middle of the back, and one along
each side. Two oblique black marks on the back of the pronotum about
the middle; lower margins of the sides yellow; beneath pale. Ovipositor fuscus. Antennm dusky. Legs purpli~h ; tarsi piceous.
Dimensions : length, .75 inch; to the end of the pronotum from the
vertex, .34 inch; ovipositor, .73 inch.
Habitat: Southeast Colorado. Some specimens not yet examined,
which may belong to this species, found near South Pass.
EPHIPPI'l'Y'l'HA, (SERV.)

This group, which is given by Serville as a sub-genus of Phaneroptera,
is dh;tinguished from the rest of the Phaneropteres by characters of sufficient importance to justify me in raising it to a genns. I have not
examined a sufficient number of specimens to enal>le me to write out the
generic characters in full, but will mention the following:
Pronotum sellifonn, somewhat scooped on the latter half, "\Yhich is
slightly elevated, and rounded; femora more or less spined; vertex
tuberculate. Elytra aud wings pa:ssiug the abdomen, latter longest.
E. gnwilipes, Thos. Syn., E. gracilipes, TLos. (Proc. A cad. Nat. Sci.,
Phila., 1870, p. 76.)-l\Iale: Small, slender; legs very long and delicate;
occiput short, convex, terminating in a triangular tubercle at the vertex,
not raised above the first joint of the autenum, nor passing between them;
face vertical, straight, flat, terminating upward just above the ceutral
ocellus in a sharp angle; ocellus situated exactly l>etyreen the lower
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borders of the folds around the base of the antenurc. Pronotum subcylindrical in front, widened and elevated posteriorly; a slight tran~
verse indenture each side, a little behind the middle; not carinated, but
a medium line is visible along the dorsum; surface smooth. Elytra very
narrO\Y, nearly straight, passing the abdomen one-third their length.
Abdomen sub-cylindrical; the sub-anal plate notched and bi-spinose;
cerci stout, hairy, cnrved and mucronate; upper plate semicircular.
Prosterm~m not spined; meso- alHl meta-sternum obliquely elevated at
tlw posterior angles, obtuse.
Color (siccus:) pale yellow. A roseate stripe on the frontal tubercle;
second joint of the antenn:;e orange-yellow; a bright yellow curved line
runs from the upper canthus of each eye to the pronotum, where they
meet with broafler lines on the pronotnm, which, converging posteriorly,
fade near the middle of the dorsum. Anterior portion of the pronotum
dotted with red. Stridulating organs very small, roseate. Elytra and
wings pellucid. Abdomen minutely dotted with reddish-brown. Tips
of the cerci black.
Dimensions: length, .75 inch; to tip of the wingR, 1.25 inch; wings
paRs the elytra, (al>Ont) .23 iuch; femora, .1 iucll; tibia, .93 incll.
Habitat: SonthPrn Colorado. Unique specimen.
ORCHELHIUlVr, (SERV.)

0. vulgm·e, Harr.-The specimens I have marked as belonging to this
species may prove to be new, as they vary considerably from the type.
CEUTIIOPHILUS, (SCUDD.)

G. divergens, Scudd.-1\fy specimens vary from the description of this
species in haYing the hind femora of the females spined, the spines yery
short. There are also one or two slender spines 011 the front part of the
anterior tibirn not mentioned in Mr. Scudder's description, yet I think
they belong to this species.

ACRID IDlE.

(Truxal ides.)
OPOl\fOLA, (SERV.)

0. neo-me:cicana, Thos. Syn., 0. neo-1nexicana, Tlws. (Proc. Acad.
Nat. Sci., Phila., 1870, p. 77.)-Female: Long, slender, truxaloicl. Head
conical; occiput convex, ascending to the somewhat elevated vertex;
vertex conYex, ascending, sub-margined, rotund, rather elongate before
the eyes: face very oblique; frontal ridge distinct, sides parallel, slightly
sulcate;' lateral carinrn distinct, obtuse, divergent, reaching the lo"""cr
corners of the face. Antennrn strongly ensiform, triquetrous, reaching
to the tip of the pronotum; inserted in deep foveolrn under the front of
the cone. Pronotum about as long as the head; sides parallel; all its
parts very regular; tricarinate, carinro not elevated but distinct, all
about equal; obtusely rounded anteriorly and posteriorly. Elytra a
little shorter than the abdomen; wings a little shorter than the elytra.
Posterior femora reach the extremity of the abdomen; vei'Y slender.
Prosternal point short and obtuse, scarcely more than a pointed
tubercle.
Color (immediately after being taken out of alcohol, in which it had
been immers ~d for some months:) Face yellow, dotted with red; lateral

270

GEOLOGICAL SURVEY OF THE TERRITORIES.

carinm rosaceous; on the top of the head a faint roseate stripe runs
from tlle end of the cone-to the pronotum, bordered on each side by a
yellow stripe; from the lower part of each eye starts a bright-red stripe,
·which, running back across the head, continues along the upper portion
of tlte side of the pronotum to its extremity and is lost on the elytra.
:l\Iedian carina of the pronotum red, the dorsal spaces yellow; lower
portion of the sides yellow. Elytra semi-transparent; base and stripe
along the dorsal margin roseate. vVings transparent; veins ochreous.
Abdomen dull yellmv, reddish on the basal segments. Legs rufous;
posterior femora have a pale stripe alo11g the upper euge; spines of the
poste.r ior tibia tipped with black.
Dimensions: Length 1.()2 inch; to tip of elytra 1.50 inch; to extremity of the pronotum, .52 inch; femora, .88 inch; tibia, .86 inch.
Habitat: Northeast New Mexico.
I have not seen the male. This species comes. near 0. mexicana,
(Sauss.,) but differs from it in the following respects: The antcnnm are
not rotundate, but sharply triquetrous; the pronotum is carina.t e, although the carinm are but raised lines, yet very distinct; and although
the posterior lobe is minutely punctured, the pronotum cannot be truly
called "densely punctate.'' It approaches closely to Truxc~;lis.

(_Mttcronati.)
PEZOTE'l"l'IX, (BURM.)

P. pictct, Thos. Syn., P. picta, Thos. (Proc. Acad. Nat. Sci., Pbila.,
1870, p. 78.)-l\iedium size, body elongate, stout sub-cylindrical, occiput
convex; vertex de:flexed, flat and narrow between the eyes, suddenly
expanding in front, this ad-vanced portion trans-verse and triangular;
the frontal ridge somewhat conyex, with a very slight depression at the
eeutral ocellus; eyes large, prominent, oval; antenurn filiform, nearly as
long as the head and thorax. Sides of the pronotum parallel in the male,
and very slightly dhrergent posteriorly in the female; carinm obliterated
by the sub-cylindrical form; posterior margins of the sides obliquely
sloped, but not sinuous ; posterior angle rounded; a slight transverse
incision each side close to the front margin; the three usual transverse
incisions distinct~ crossing the dorsum in the female, the posterior one only
crossing in the male; anterior margin and posterior lobe densely punctate, remainder smoother and sparsely punctate. Elytra very small,
oblong-ovate, reaching the tip of the second segment; not meeting on
the back; nerves reticulate, prominent, wings minute. Posterior femora stout, short, not reaching the extremity of the abdomen. Sub-anal
plate of the male recnrved with a kind of tubercle or prominence on
the convex surface; upper plate falcate; cerci small. Prosternal spine
stout, conical.
Color (siccus:) alternating rings of dark purple and white. The dark
stripes arc placed as follows: uown the frontal ridge; on the occiput ;
dmvn each cheek; two interrupted broad stripes running obliquely
upward and backward from the anterior margin and angle of the pronotum; four spots on the base of each dorsal, and two on each ventral
segment of the abdomen, (sometimes running into a continuous ring;)
posterior femora crossed by three broad bands. The nenres · of the
elytra white, the spaces black. Colors of the male and female thb same.
Dimensions: Female-length, 1.30 inch; femora, .6 inch; pronoturn,
.~inch. Ma1e-lcngth, J)5 to 1 inch; femora, .5 inch; pronotum, .26
inch.
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Habitat: From Cheymw south to Raton l\Iountains, on the plains and
foothms at the ea::;tern base of the range.
\Vlwn livi11g this is a very pretty insect, the dark stripes being- margined by red, which fades when immersed in alcohol, the blaek also he·
coming paler and assuming a purplish cast. This may possibly belcmg
to Dactylotwn, Charp, but I am not fully acquainted with the characters
of tlmt genus.
( ]1'll tici.)
BRACIIYPEPLUS, (CIIARP.)

As Charpentier, at the time he established this genus, failed to give
its characters, and the description of Girard is so short and defi<·ieut, I
give, from a large number of specimens, what I conceive to be the distinguishing characteristics.
Generic characters: Dody very robust, acridoid. Oceiput broa(l,
cm1vex, smooth; vertex margined; frontal ridge broad, short, slightly
sulcate, expanding below; lateral carim:e distinct, with a snlcns behiiHl
caeh; antcnnal foveol:::e deep, oblong; cllecks prominent. Pronotri.m
large, elongate, tricarinate; carina distinct, continuous; "'i(1cst bl'low,
expanding posteriorly, sides straight, generally chagrine1l aoove, with
the Rides glah~·ons; no trans,·erse incisions on tlle dorsum; anterior
nmrgin rouu<led, extending slightly on the head; posterior m~ugin ·
round. Elytra and wings rudimentary, (in the known species.) Lt•gs
n'ry robust; posterior femora long as the abdomen, swollen; tihiiJ
strongly spined nearly tile entire length. Antcnnre filiform, joints <li:-;tj net; long as tlle head and thorax.
Sub-anal plate of the male> tumid
cn'"ire; cerci Yery short; female appendages stout, broad. Pal pi short,
joints all enlarged at the tip; the three outer joints of the maxi11<tl'.Y
pal pi nearly equal, the ultimate a little the longest. Prosternum ueith;:r
spined nor tnberculate. Abdomen somewhat compressed, carinated
abo~e. A well-marked and distinct genus.
B. magnus, Girard. (Marcy's Expl. Red River of Lous., p. 2GO, Pl.
XY, figs. 1-4.)-This ponderous species is easily recognized by the
figures referred to, but the description is quite deficient; therefore, to
aid future investigations, I giYe it more minutely.
(Siccus.) Yellow, spotted with brown. Occiput convex, Yery slightly
scabrous, an iudi~tinct line rnuniug along the middle to the Yertrx, a
few fine shallow punctures Yisible; the elevated margins of the veltf'x:
meet in about a right angle at tlle front; ii·ontal ridge, although Iun·row abo~e and gradually expanding as it descends, is not narro~·cd
opposite the antenn:::e; margins distinct, obtuse; sulcus shallow, c_·panding and fading below, punctured. Pronotnm with three distinct, eontinuous piceous carin:::e; dorsum strongly chagrined, yello,\ish, with mucous luster; sometimes, especially in the females, there· is a yellow line
along each margin of the dorsum; si<1es pnrplil-:lh at tlle upper angle~,
yellO\vish below. Elytra ovate, reaching the third ~tbdominal segment;
nerves longitudinal, slightly branching uear the extl'emity; light "brown,
spotted with black. vVings Yery small, yellow. Abdomen marked with
a brown spot each side of each segment; each segment is also margined
with a row of white dots. Legs as described by Girard.
Dimensions: Length, (female,) 2 inches; pronotum, .55 inch; elytra.,
.3 inch; femora, 1.25 inch. l\Iales about one-fourth less. Size Yaries
considerably.
IIabitat : From Fort Larnmie south to Santa Fe. The green and
brown varieties were both observed; but after being immersed for some
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time in alcohol these colors fade, and all distinctions between the two
arc lost.
BOOPEDON, (THOS.)

Generic characters: Has somewhat the appearance of Pezotettix.
Body robust. Head large, exceeding the thorax in width, widest below;
seen from the side presents a somewhat semicircular outline, defiexed
helow; occiput convex ; vertex sloping, broad, sometimes exhibiting a
shallow foveola, usually rhomboidal, with a slight median carina; frontal
ridge prominent, not sulcate, margins obtuse and nearly parallel. Antenme nearly as long as the head and thorax, inserted in deep, oblong
foveol:::e. Pronotum of medium length, sides parallel; su btruncate in
front; posterior angle obtuse; three transverse incisions; the posterior
about the middle, cutting the median carina; median carina distinct, but
not elevated; lateral carin:::e obsolete. Elytra shorter than the abdomen
in the female, about the length of the abdomen in the male ; inflated
near the base, narrowed at the apex ; two longitudinal Yeins dividing
the entire surface into three nearly equal fields. Posterior femora stout,
narrowed at the tip, passing the abdomen; tibia spined, enlarged a.t
the tip,. Ultimate joint of the maxillary palpi enlarged at the end,
truncate. Prosternum with the anterior half tumid; the latter half
cleft by a longitudinal sulcus. Pectus sub-convex or fiat. Anal appendages of the female short and obtuse; sub-anal plate of the male
keeled, trigonal, and turned up.
This is a very distinct genus, having a somewhat acridoid appearance,
and forming, perhaps, the closest link between the JJfucronati (Acridii
gentlini) and the Mutici, (or Odipodes,) and in a strictly natural arrangement should precede Brachypeplus. It would connect between the
Pezotettigi or Calopteni and the Stenobothri.
B. nubilum, Thos. Syn., B. nigrum, Thos. (Proc. Acad. Nat. Sci.,
Phila., 18 70, p. 83.)
Gryllus nubilus, Say. (Jour. Acad. Nat. Sci., Phila., IV, 308. Entom.
N. Am., Ed. LeConte, II, 237.)-Having carefully examined the section
where Mr. Say found his species, I do not know what insect he refers to,
unless this be the one. But when be remarks" that it ascends into the
atmosphere in great numbers," he certainly cannot allude to this species,
unless he refers to the short flights of the males as thes poise themselves
in the air, a well-known habit of the Oe. requalis, and some other species.
There is another black species found in the same section, which flies
much in the air, (Tornonotus Nietanus, Sauss.,) but its bright red wings,
so apparent during flight, and its ample elytra, would seem to forbid
the supposition that this was the species intended. Yet I cannot explain :1\-Ir. Say's remark, unless he has confounded the two.
As his description is rather short I will add some other points, chiefly
from my description, under the name of B. nigrum, in the Proc. Acad. Nat.
Sci., Phila.
Medium size, female much larger than the male.
Female: Occiput smooth, a few punctures on the vertex, a faint median
line visible; eyes about midway between the front and back margins;
frontal ridge convex, with a very slight indentation at the ocellus, punctured on the margins, reaching nearly to the cross suture, where it suddenly expands; lateral carinm distinct, obtuse, sinuate and divergent;
a deep sulcus below each eye. Pronotum nearly as broad as the head;
median carina distinct, straight; posterior lobe punctate; central portions of the sides levigate; cross incisions one and two not reaching the
median l'arina. Blytra narrow, covering about two-thirds the length of
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the abdomen, lanceolate; the two longitudinal veins strong, approaching
each other at the apex along the external margin; the reticulate yeins
coarse. \Vin gs shorter than the elytra.
Color (siccus): Dark ferruginous; lower angles of the face and si.d(~ of
the labrum black; tips of the elytra blaf~k; apex of the wings dusky,
rest transparent; two reddish spots inside the posterior femora; tibia
transpareut reel.
J\tlale: Similar in coloring, only darker. Elytra black, somewhat paler
at the base; wings transparent, cloudy at the apex.
Dimensions: li'emale-length, 1.5 inch; pronotum .35 inch ; elytra, .55
inch; femora, .95 inch; tibia, .80 inch. J\Iale-length, .87 inch; pronotum, .25 inch ; elytra, .55 inch ; femora, .62 inch; tibia, .56 inch.
Habitat: Southern Colorado and northern New :Mexico; mostly in the
vallevs near the mountains.
[NoTE.-! regret very much two misbtkes that occur in my paper published in the Proceedings of theAcad. Nat. Sci., Phila., 1870, July. One
occurs on page 80, where I have described as a new specjes, nuder the
name Oe. pruinosa, Say's Gryllus trifasciatus, wbich is not only sufficiently
described for identification, but is also figured. The other mistake is on
page 83, where I have described Gryllus nubilus of Say as a new species,
under the name of B. ni,qrwn. I had examined them and determined
tl1em, and laid them aside for the purpose of referring them to their
proper genera and had marked the place in Say's Ent. where they are
O.escribed. Having to close up my article rapidly, preparatory to my
departure west, forgetting tbese facts, and finding them among those
examined and to be described, I proceede<l to describe them without further examination. A few days after I became aware of the mistake a1Ml
immediately wrote a letter to Dr. Hayden, making the correction, and
forw~rded it to him at Washington, as I had forwarded the original manuscript through him, but it did not reach him in time. The synonyms
will now have to stand, and I sincerely trust they may be the only ones
in that paper.]
B. flavojctsciatum, Thos. SjTn., B. flavojasciaturn, Thos. (Proc. A cad.
Nat. Sci., Phila., 1870, p. 84.)-Female: Oan~ing an<l figure much the
same as the female of B. nubilum, differing only in this, that the anterior
transverse incision (1) being more indistinct, an<l the iucision on the side
of the pronotum near the front more distinct. Uentral foveola of vertex
very shallow·, divided into two parts by a slight me<lian carina; fi.·ontal
ridge conyex, sparsely punctured.
Color (siccus:) Yellow, varied with brown. Head, yellow; lower
angles of the face b1ack; a very distinct yellow line, starting from tbe
upper corner of each eye, reaches the posterior margin of the pronotum, bowing inward near the middle, bordered on each side by au irregular, dark-brown line; a dark line borJers each eye posteriol'ly. :Median
carina of the pronotum dark brown or piceous black; the transYerse
incision black; rest of the pronotum brownish, palest on the sides.
Elytra formed as in B. nubilu1n, brown, a pale-yellow stripe near the upper
and lower margins of each, the upper having a notch on its lower side;
three oblong yellow spots in a line or row along the middle, and a few
smaller spots of the same color near the apex; they reach the third abdominal segment. Wings transparent, dusky at the tips. A brown
stripe along each side of the abdomen, near the dorsum; a yellow spot
in it on each segment near the upper border. Venter, yellow.
:Male: Unknown.
Dimensions: Length, 1.5 inch; pronotum, 38 inch; elytra, .50 inch;
femora, .85 inch; tibia, .76 inch.
18 G
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Habitat: Found with the preceding, but a much rarer species. At first
glance, when seen hopping among the grass, the collector is apt to take
it for the pupa of Galop. bivittatus.
OEDIPODA, (L.A.TR.)

Oe. corallipes, Hald. (Stans. Rep. Salt Lake, p. 371, Pl. X, fig. 3.)Dimensions: Female-length, 1.80 inch; femora, .90 inch; tibia, .75
inch; to tip of elytra, 2 inches. Male about two-thirds the size of the
female.
Habitat: Colorado, Wyoming, and Utah.
The bright vermillion tint of the posterior legs fades in alcohol. I am
mclined to believe that Oe. pardalina (Sauss.) is synonymous with this
species, but do not feel satisfied to decide positiYely on this point.
Oe. trifa~ciata, Thos. Syn., Oe. pruinosa, Thos. (Proc. A cad. Nat.
Sci., Phila., 1870, p. 80. )-Gryllus trifasciat~ts, Say. (Amer. Ent. III,
Pl. XXXIV, fig. 3. (Ed. LeConte, I, 78, Pl. XXXIV, fig. 3.)-The figure
given in the edition bjr Dr. LeConte is not a good one, nor, indeed, does it
correspond with the description, which is somewhat minute. I give thp,
following description, which I think will be sufficient to ide1:tify the
species:
About the size and somewhat similar in coloring and appearance to
Oe. aequalis, (Say,) but rather broader across the meso and meta thorax;
head, viewed from the side, oblong; occiput convex, ascending; Yertex
broadly triangular, flat, not foveolate, declined, slightly margined and
slightly contracted between the eyes; margins continuous with the frontal
ridge; frontal ridge prominent, rounded above and somewhat sulcate
below, expanding at the ocellus; lateral carinm distinct, sinuous, and
divergent below, (in the males these carime are more distinct and extended. than in the females). Pronotum short, sub-cylindrical iu front,
expanded and more angulate posteriorly; cross incisions 1 a1Hl3 distinct,
2 very indistinct in the males, apparent on tue sides in the fcmale8, 1
arcuate above, 3 slightly sinuous and situated about the middle of the
pronotum; median carina merely a raise<l line; lateral carium obliterated in front, obtuse on the posterior lobe ; truncate in front, posterior
angle obtuse. Elytra and wings considerably longer than the abdomen.
Posterior femora broad, not reaching the extremity of the abdomen,
.Antennm stout, central joints lengthened and distinct; reaching the
middle of the abdomen in the males, a little shorter in the females.
Color (siccus): Varies considerably; that wllich is described as green
by Say is often yellowish in the living insect, and pruinose after immersion in alcohol; and that part of the head and thorax described by
him as brown often being a pale lilac, or mouse color. The intermediate cross band on the elytra is the broadest and darkest of the three.
,he posterior femora are often pruinose at the base. (l\Iy remarks
apply to those dried after immersion in alcohol).
Since writing the description published in the Proceedings of the
..Academy of Natural Sciences, Philadelphia, 1870, p. 80, I have had au
opportunity of examining a number of specimens taken at widely different points in the West, and find the species is subject to considerable
variations, some specimens approaching so near Oe. aequaUs that it is
almost impossible to distinguish them from that species, if we rely upon
color.
Dimensions: Male-length, 1.10 inch ; to tip of elytra, 1.42 inch; prono tum, .26 inch; femora, .60 inch; tibiffi, .58 inch. Female-length,
1.48 inch; to tip of elytra, 1.70 inch;. pronotum, .34 inch; femora, .76
inch; tibire, .70 inch.
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Habitat: Found throughout Wyoming, Colorado, Utah, and Northern
New Mexico, on the elevated table lands and ridges.
[N OTE.-For explanation in regard to my unfortunate mistake in describing this species as new, and thus adding another synonym to the
already too long list, see previous note under Boopedon nubilum. j
The female is .seldom pruinose; occiput, brown; pronotum, reddishbrown, varied with dots and lines of yellow. The posterior lobe of the
11ronotum in ·e ach sex is densely punctured, but that of the female intersected by irregular, slightly-raised lines.
Oe.. cincta, Thos. Syn., Oe. cincta, Thos. (Proc. Acad. Nat. Sci., Phila.,
1870, p. 80.)-Female: Very similar in appearance .and coloring to the
male of Oe. aequalis, {Say~} but in the carvings of the head approaching the
Tomonoti, (Sauss.,) of which Oe. sulphurea (Burm.) may be taken as the
North American type. The vertex channeled ; the margins st.r ougly
and sharply elevated, waved, descending; truncate squarely in front; a
slight median line visible. Frontal ridge vertical, straight, sulcate,
narrowed immediately below the antennre, expanding at the base,
reaching the transverse suture; lateral carinre distinct, divergent. Pronotum rugose, tricarinate, truncate in front, angled at the posterior extremity; median carina only a raised line, cut by incisions 1 and 3;
lateral carinre distinct on the posterior lobe, obliterated in front, coarctate in front, expanding posteriorly; incision 3 situated before the
middle. Elytra narrow, passing the abdomen one-third their length.
Wings nearly the same length. Posterior femora not passing the abdomen. Antennre passing the pronotum slightly.
Color (siccus}: Rusty brown, varied with lighter and ·darker shades.
Face and the sides of the pronotum yellow, mottled with brown ; two
black bands pass round the front, one immediately above, and the other
just below the antennre, (the lower a little broader than the upper;) converging behind these, they pass through the eye (plainly to be seen in a
fresh specimen) and become a single black stripe behind the eye, which
reaches to the posterior incision of the pronotum, decreasing in width
as it passes along- the lateral angle. Pronotum ash-colored on the dorsum; posterior lobe palest, with minute brown tubercles scattered over
it; a dark-brown spot on each side. Elytra brown, darkest next the
base; semi-transparent at the apex. Wings transparent, yellow next
the base; apical half dusky; this dark marginal band is broad in front,
tapering toward the inner angle but does not reach it; stretches along
the front sub-margin nearly to the base; is somewhat darker at the
inner and outer borders, reaching- to the apex. Posterior femora reddish with two oblique darker bands on the outer face, and three black
bands inside.
Dimensions : Length, 1 inch; to tip of elytra, 1.26 inch; to end of
· pronotum from vertex, .31 inch; femora, .54 inch; tibire, .44 inch.
Habitat : Northeastern New Mexico.
Oe. carlingiana, Thos. Syn., Oe.. carliniana, Thos. (Proc. A cad. Nat.
Sci., Phila., 1870, p. 81.)-Female: This species at first sight bas much
the appearance of Oe. carolina, (Linn.,) but an examination of the bead
or thorax, or spreading the wings, will soon undeceive the observer.
Although a little smaller than that species, it is more robust, compared
with its length. The carving of the head is much the same as Oe. corallipes. Occiput short, sub-convex, not ascending; vertex very broad,
slightly deflexeJ.; the broad, shallow, central foveola divided by a median carina into two elongate pentagonal spaces, the median carina and
margin next the eye being the longest sides; the lateral shallow foveolm
triangular; at the top of the £rontal ridge is a lunate depression; frontal
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ridge somewhat broad, obtusely margined, expanded at the ocellus, -vertical, reaching the cross suture; lateral carinffi distinct, reaching the
corners of the face. Antennffi filiform, sub-planate. Pronotum subcylindrical in front, flat on the posterior lobe, expanded posteriorly, nut
constricted; median carina, a raised line, cut by the eross incisions 1
and 3; posterior incision before the middle; lateral c~rinffi obliterated
in front, but distinct on the front of the posterior lobe; posterior lobe
densely punctate. Elytra and wings extend slightly beyond the abdomen. Posterior femora short, not reaching the extremity of the abdomen ; inflated.
Col or (siccus) : Ash -colored; vertex and posterior lobe of the pron otum
tinged with reddish brown. Elytra opaque and somewhat brownish at
the base, semi-transparent at the apex; dotted over with pale brown.
The wings, when fully expanded, present a very broad fuscus band across
the base, parallel with the body, the outer border lying a little beyond
the middle of the wing, (when thm; expanded;) a large triangular space
at the apex transparent, with dark and white veins. Posterior femora
spotted with black inside; tibhe yellowish.
Male : The ..male differs only in size, and in having the elytra crossed
by irregular brownish bands, somewhat as in Oe. aequalis, but less
distinct.
Dimensions: Female-length, 1.38 inch; to tip of the elytra, 1.58 inch;
to tip of the pronotum,from the vertex, .45inch; femora, .64inch. Malelength, l.lG inch; to tip of elytra, 1.36 inch; to tip of pronotum, .42 inch;
femora, .58 inch.
Habitat: Found in Colorado and Wyoming; somewhat rare in the
former, but abundant in the latter. It varies considerably in color,
sometimes assuming a very distinct purplish tinge throughout, but
especially on the elytra and wings ; at other times a pale, dirty yellow,
with the spots on the elytra wanting. The purplish variety I observed
only in Wyoming, between Chugwater and South Pass. This species
belongs to that group of Oedipodes of which the Oe. aequalis (Say) may
be taken as the type; to this belong carolina at one extreme, and tr·ijasciata at the other, aequalis, carlingian.a,, and perhaps cincta, and some
others.
Oe. neglecta, Thos. Syn., Oe. neglecta, Thos. (Proc. A cad. Nat. Sci.,
Phila.,l870,p.81.)-]'emale: 1\'Iuchlike Oe.corallip~s, (Hald.,) being about
the size of the male of that species, for which it has doubtless .o ften been
taken. In its carvings, as well as size, it comes very near Oe. me.vicana,
(Sauss.) Vertex very broad, transverse, foveolate; the large central
foveola divided, by the recurving margins, into three contiguous ·
foyeolffi; these margins, seen from the front, form a W, with a line
across the middle a,ngle; lateral foveolffi obsolete; frontal ridge bisulcate above the ocellus, sulcate below, expanded at the ocellus. Prouotum flat above a.nd rough ; median carina a raised line, very distinctly
severed by cross incision 3, before t·he middle; incisions 2 and 3 come
together at the median carina; anterior portion rugose; posterior lobe
covered on the dorsum with elongate tubercles, its sides granulose.
Elytra and wings extend beyond the abdomen. Antennrn filiform,
reaching the extremity of the pronotum. Posterior femora about the
length of the abdomen.
Color (siccus): Dirty brown, with fuscus spots. Each elytron has a
narrow yellow stripe near the dorsal border; base brown, fading toward
the apex, which is semi-transparent; marked with groups of fuseus
spots, whjch, at two points, are grouped so as to form irregular bands.
~Yings yellow at base; a dark band of moderate width crossing just
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beyond thp, middle, curving inward to the posterior angle; ~1pex transparent, veins dusky. Posterior femora crossed on the ouLside by two
very indistinct, oblique, reddish bands; inside, beneath, and tibirn orange
yellow; spines of the tibirn tipped with black. AntenmB pale at base,
apical portion dusky.
Dimensions : Female-length, 1.16 inch; to tip of elytra, 1.38 inch.·
to end of pronotum, from vertex, .44 inch; femora, .63 inch.
llabitat: Northeast New J\-Iexico, Colorado, and Wyoming. Since
my return home, I have taken here (Southern Illinois) some specimens
, which appear to belong to this species.
This species agrees so nearly with Oe. mcxicana (Sauss:) that I would
haYe marked my specimens as such, but for the fact that the wings are
yellow at the base.
STAURONO'rus, (FISCIIER.)

S. Elliotti, Thos. Syn., S. .Elliotti, Thos. (Proc. Acad. Nat. Sci.,
Phila., 1870, p. 82.)-1\!Iale and female: J\Iedium size, robust, sub-ungulate. IIead large, widest below; face sub-Yertical, strongly defl.exed
below the transverse suture; occiput convex; vertex slightly declined,
foyeolate; foveolm shallow, the central broad, the lateral triaugular,
the points of the three meeting in a sharp angle mid way between the
upper angle of the eye and the base of the antennrn; frontal ridge not
sulcate, narrowed above; lateral carinrn distinct, strongly divergent below; eyes medium size, ovate. Pronotum short, sub-truncate in front,
posterior angle obtuse and rounded; the three transverse incisions distinct and closely approximate, 1 shortest, 2 and 3 connect at their termini on the side of the pronotum by an oblique depression; incision 3
about the middle of the prouotum; median carina distinct, not eleYated;
lateral carinrn distinct on the anterior lobe, and front part of the posterior lobe; the spaces on the anterior lobe between the median and
lateral carinrn depressed like shallow basins. Elytra and wings about
as long as the abdomen. Posterior femora inflated near the base, attenuate near the tip. Pectus not broader than the head. Antennre filiform, reaching the end of the pronotum. A-nal appendages of female
very short and blunt. Color (siccus) yellow, varied with brown. Head
yellow, occiput dotted \Vith brown, sometimes forming imperfect waved
lines; antennrn pale at the base, remainder brown. Pronotum with a
yellow cross on the back ; beginning at the lateral angles of the posterior lobe, the stripes converge anteriorly, and, crossing about tile middle,
fade on the anterior lobe; a triangular brown spot, between these stripes.
on the posterior lobe; sides brownish, fading below. Elytra brown, a
yellow stripe along the inner margin; •lower half dotted with dark
brown. Wings transparent, veins white except at the apex, where they
are dusky. Posterior femora yellow, with two or three oblique brownish spots near the upper edge, which cross and become distinct banus
on the inside; knee brown; tibirn du~ky above and at the tips, rest
yellow; (I think bluish in the living specimens.)
Dimensions: Female-length, 1.07 inch; to tfp of the elytra., 1.10 inch;
to end of pronotum, .34 inch; femur, .62 inch. 1\lale-length .88 inch;
to tip of elytra, .88 inch; femur, .60 inch.
Habitat: Colorado and Wyoming.
Named in honor of 1\fr. Henry W. Elliott, artist of the expedition,
who, in addition to his arduous duties, was constant in his efforts to collect specimens of natural history, and who rendered me valuable assistance in collecting plants and insects.
This sub-genus of Fischer (Orthop. Europ., p. 351) I have here giv-en
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as a genus, as the distinguishing· characters are sufficient to separate it
from Stenobothncs.. Hippopedon 'Saussure) approaches rather too near
this genus· to remain as a separate group.
.A.CROLOPHITUS, (NOV. GEN.)

Generic characters: ffidipodiform, head pyramidal, apex directed
upward. Occiput narrowed anteriorly, ascending; vertex pyramidal, triangular, pointing upward between the eyes and antennm; eyes ovate,
placed high and well forward ; face vertical, carinated ; frontal ridge,
sulcate. Ma~illary palpi medium length, terminal joints sub-equal,
rather short; labial palpi proportionally longer, ultimate joint longest.
Antennm stout sub-planate, basal joint very large, triangular, inserted
in deep oblong foveolm under the pyramidal vertex; medium length.
Pronotum of moderate length, coarctate; posterior lobe with the median carina elevated in the form of a crest arcuate on the top, the sharp
posterior angle extending over the base of the elytra; the anterior portion rounded on the dorsum, not carinated; the three transverse incisions distinct, two sinuous, three bent abruptly forward round the point
of the crest. Elytra narrow, reaching beyond the abdomen; wings
ample; legs long, slender, and pilose. Prosternum not spined ; pectus
narrow.
A. hirtipes, Thos. Syn. Gryll~ts hirtipes, Say. (Amer. Ent., III, Pl.
XXXIV, Le Conte's Ed., I, 78, Pl. XXXIV, Fig. 1.)-The description
given by Mr. Say, with the figure, will enable the entomologist readily
to determine this species. The :figure gives rather too dark a shade to
the abdomen and thorax, which is. also the case with the next figure on
the same plate, ( Gryllus jormosus;) the color of these parts varies from
a pale greenish yellow to a brownish yellow. I have formed the genus
Acrolophitus for the reception of this species, which should no longer
remain buried in the old genus Gryllus, which is now restricted to proper
limits. I may be permitted to remark here that I had the good fortune
while in Colorado to pass over the same ground traversed by l\1r. Say,
and to obtain specimens of all the species of Gryllus described by him,
viz : aqualis, bivittatus, jor1nosus, hirtipes, nubilus, and trifasciatus.
~11 of these have now been placed in modern genera, except formosus,
for which probably a new genus will have to be formed.
T01\fONOTUS, (S.A.USS.)

T. nietanus, Sauss. (Orthop. Nov. Amer. II, 2'1. Rev. et Mag. de Zool.,
1861, p. 321.)
.
T. 1nexicanus, Sauss. (Orthop. Nov. Amer. II, 23. nev. et Mag.
et de Zool., 1861, p. 321.)-I have specimens of two species of Tomonoti, which, I think, belong to the species thus named by Saus~ure; they certainly agree very closely with his short descriptions.
The T. nietanus, when living, appears quite black; its bright-red wings
being visible at a considerable distance when flying, and the sharp
notes of the males being easily recognized by the ear which has once
hEard them. It is closely allied to the Oe. sulphurea Burm, which belongs to this genu;-; ; the notes .of the male of this species can also be
recognized by the practiced ear. It is possible that the notes of the
mr·.Jes may, under some circumstances, enable us to determine whether
certain differences are specific or only of variety.
The generic characters by which Saussure proposes to distinguish
this genus are not well chosen, as they scarcely cover the group be evidently intended to embrace; nor is the gap between Oedipoda and
Gornphocertts or Tragocephala quite broad enough for the insertion of a
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genus between them. Before a true natural arrangement can be obtained the species of these genera and of the heterogeneous Oedipoda
will have to be thrown together and then separated into groups by other
characters.
'11• pseudo-nietanus, Thos. Syn., T. pseudo-nieta,nus, Thos. (Proc. .A.cad.
Nat. Sci., Phila., 1870, p. 82.)-}fale: Size and appearance much like T.
nictanus, (Sauss.,) from which it differs only as follows: The facial costa is
slightly broader and less excavated below the ocellus; the occiput and
pronotum less rugose; the antenme nearer cylindrical. The color is
darker, the sides being deep-black throughout to the extremity of the
elytra; the posterior part of the occiput and dorsum of the pronotum
an ashy yellow, the front lobe and lateral margins of the pronotum
dotted with black; the upper edge of each posterior femur has two
yellow spots, the one next the base the larger; the entire under surface
a shining black; wings, as in nietanus; base rosaceous; posterior margin broadly margined with black, and a facia of the same running along
the anterior sub-margin nearly to the base.
Dimensions. :Male: Length, 1 inch; to tip of elytra, 1.25 inch; femur,
.G7 inch.; ti~ia, .53 inch.
Ilabitat: Found near Canon City, Colorado, close to the mountains
in a calion; also near Fort Fetterman, vVyoming. I have not seen the
female. This may possibly be a yariety of T. nietamts, but from the
permanent di:ff'erence in the color of the pronotum, and from the fact
that it was found at but one point in Colorado, and oyer a very limited
territory in vVyoming, while tho other was found more generally distributed on tho Plains, I conclude it is a different species.
[NOTE.-"'\Vhile passing from Fort Fetterman to Red Buttes, in Wyoming, we encountered a vast swarm of Caloptemts spretus, not flying but
on the ground pairing. I noticed here, as I had under similar circumstances before, that where these were very numerous, few specimens of
any other species were to be found. In this case almost the only species
to be seen were T. nietamts and Oe. trijasciata,, whereas but a few miles
back other species could be founu in abundance.]
STENOBOTHRUS, (FISCHER.)
a. Antenme filiform or sub-filiform.
b. Lateral foveolm obsolete.
[N OTE.-lt was with some hesitancy that I concluded to describe
any of the species which appear to belong to this genus. Although
Fischer is generally ver;y· careful and exact, the characters of this
genus, as given by him, show the difficulty be bas fallen into by clinging too closely to variations in a giYen part. The consequence is that
this genus has become the receptacle for a number of species varying
widely from the type. In fact, we may truly say that the distinguishing
char~wter (if his italics are to be relied upon) is the exception instead of
the rule. Finding that neither Scudder nor Saussure had allowed themselves to be trammeled by this character, I haye concluded to follow
them. The subdivisions given above are after Saussure, the latter
being in direct opposition to the leading character before alluded to.
But, notwithstanding these strictures, I admit there is a marked group
for which Fischer evidently intended this genus, the similarity being
easily detected by the eye.]
St. obionus, nov. sp.-Female: Head some-what narrow, face sub-vertical; vertex slightly deflexed., rounded in front, margins eleYatetl, a slight
median line; frontal costa obtuse, convex above, with a very slight
depression at the ocellus; pronotum sub-truncate in front, posterior
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extremity obtuse-angled; tricarinate; median carina slightly elevated,
entire; lateral carinm converging before the middle, expanding posteriorly, slightly arcuate in this part; cross incisions indistinct, and all
on the anterior half; anal appendages of moderate length; elytra and
wings a little longer than the abdomen.
Color (siccus): Testaceous brown, varied with ashy green. Face
greenish, varied with light and dark shades; upper portion of the cheeks
and cranium brown; a very narrow yc11ow line running from the eye to
the lateral carina of the pronotum. Pronotum testaceons, the anterior
lobes being darkest; sides brown; posterior lobe an ashy green, \\'ith a
dusky median stripe. Elytra pale reddiRh brown, translucent at the
apex; fuscus spots along the middle field and lower border. Venter
and pectus dull yellow.
l'I.Iale : Differs from the female only in size; in the face being more
· rounde<l; the upper portions of the head and pronotum being darker;
and the spots on the inside of the femora not so dark.
Dimensions: Female-length, 1 inch; to tip of the elytra, 1.1 inch; to
end of pronotum, .35 inch ; antennm, about the same;· femur, .52 inch.
Male-length, .65 inch; femur, .40 inch.
Habitat: First seen on the Arkansas in the \icinity of Canon City ;
found in abundance on a species of Obione.
St. b't"ttnne~ts, nov. sp.-Female: Somewhat similar to St. pTopinquans
(Scud d.) in size an<l appearance, but rather larger. Vertex broad, scarcely
expanding in front of the eyes; angle rounded; apex blunt, margins
raised; a faint median line visible. Frontal ridge convex, punctate on
the margins, expanding below, not depressed at the ocellus; seC'n from
the side arcuate. Pronotum sub-truncate in front, posterior angle
rounded; slightly convergent in the middle; the three carinm about
equally prominent; the three transverse incisions visible on the dorsum;
3 is situated about the middle and is tbe only one that cuts the median
carina. Elytra narrow, about the length of the abdomen; wings about
the same length. Posterior femora just the length of the abdomen.
Prosternum transversely con \Tex in front; the posterior part slightly
excavated in the middle. The superior anal corniculi covered by•the
hood-like extension of the last abdominal segment; lower pair rather
short and slender. Antennm reach the tip of the pronotum.
Color (siccus): Reddish brown. The vertex and the face bright reddish brown, bordered each side by a yellow stripe which descends in
front of the eyes ; parts of the mouth yellow ; cranium brown, palest in
the middle; a narrow yellow line runs from the eye to the lateral carina
of the pronotum. Pronotum brown. Wings hyaline, the nerves of the
apical portion dark. Femora on the disk testaceous; beneath yellow;
inside crossed by two black bands. Tibim surrounded by an indistinct
yellow ring below the knee ; rest a dull yellow (probably blue when
aliYe.) Venter and pectus dull yellow.
:l\Iale : Differs only in size and as follows: the face more arcuate; the
upper portions of the head and pronotum darker; inside of the femora.
not so dark.
Dimensions: Female-length, 1 inch; to tip of the elytra, 1.10 inch; to
end of pronotnm, .35 inch; antennm, .35 inch; femur, .52; inch. J\ialelength, .65 inch; femur, .40 inch.
Habitat: Found with preceding; and probably in Eastern vVyoming.
St. <JUadri-maculat~ts, nov. sp.-A little smaller than St. obiomts, similar in shape. Occiput con\ex, ascending; \ertex of moderate width,
not expanded in front of the eyes, front margins raised, meeting in a
.b lunt rightangle; face slightly arcuate, deflexed below; fi'ontal costa
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prominent, fiat, not sulcate; margins parallel, punctate, slightly depressed at the ocellus, reaching the clypeus ; lateral carinre distinct and
arcurate, reaching the lower angles. Pronotum short, truncate in front,
angle behind, tricarinate; median carina slightly elevated; the lateral
carinre more obtuse, convergent a little in front of the middle, forming
an entering obtuse angle; divergent anteriorly and posteriorly; cross
incision 3 sinuate, cutting all the carinre, and situated about the rni<ldle;
incisions 1 :mel 2 represented on the dorsum by cross rows of punctures.
Elytra ·narrow, and shorter than the abdomen. Posterior femora not
passing the abdomen.
Color (siccus): Yellow with brownish spots and stripes. Face yellow;
cheeks yellow and fuscus ; a narrow fnscus stripe along the cranium ;
a broad stripe of the same reaching from each eye to the pronotum.
Pronotum with alternating dashes of ;yellow and brown; lateral carinrn
yellow; corners of the posterior lobe brown; sides darkest above, ;\·ellow
below. Elytra pale reddish brown, fading toward the apex, with four
brown spots in a row along the middle field, and a little clash of the same
ncar the base. Wings hyaline; nerves mostly white. Abdomen with
rings of yellow and brown. Disk and two spots on the upper carina of
the posterior femur reddish-brown. Antennre yellow, darkest at the
tips. Under surface pale yellow.
Dimensions: Female, length .88 inch; to tip of the elytra, .75 inch;
frmur, .50 inch.
Habitat: Southern Colorado and, I think, Eastern Wyoming.
[NOTE.-The living insect is a pale pea-green where the dry is yellow.
This and all other species were placed in alcohol before being dried.]
Variety : a. Face nearly vertical ; frontal costa more prominent and
somewhat sulcate; lateral carinre not so much bent or so divergent; cranium not quite so convex. Lateral cm·iure of the pronotnm less constricted. The yellow spaces broader and paler; the brown more
restricted. This may prove to be a distinct species, but the general
appearance is so much the same that I ha"\'"e preferred describing the
latter as a variety until more specimens can be obtained. Females
only seen.
REMARKS ON THE CALOPTENUS SPRETUS.

The followiag additional facts in regard to this destructive species
ha\e been obtained since the publication of ihe report of last ycm·. I
would remark, first, that a pretty full account of the incursions of this
insect into the Mississippi. Valley has been published in the American .
Entomologist by the lamented vValsh, who, after a thorough examination of all the data he could obtain, comes to the following conclu~ion,
which I quote in his own words:
The above facts, and others which it would be tedious to particularize, sufficiently
show that the Hateful Grasshopper, when suddenly transferred from its native Alpine
home in the Rocky Mountains, some eight thousand feet above the level of the sea, to
the warm regions of the valley of the Jl.lississippi, less than a thousand feet above the
sea level, gradually becomes diseased and barren, and loses, more or less, its nntm·al
appetites and instincts. Why we do not observe the same phenomena in the case of
the Colorado potato bug, which was originall;y a denizen of the same cold Alpine
country, is not difficult to explain. The .former msect reaches the Mississippi lowlands
at one sudden flight, and in one season; it has therefore no opportuuity to bQcome
gradually acclimatized and inured to the new conditions of life under '\Yhich it is called
upon to exist. Consequently, it becomes diseased and barreu, and finally perishes.
The latter insect, on the other hand, has reached the Mississippi lowlands only by slow
and gradual approaches, breeding at every way-station on the road, and thns becoming, generation after generation, more and more acclimatized to a higher temperature,
as inuicated by the thermometer, and to a greater atmospheric pressure, as ilHlicated
uy the barometer. Consequently, it may now be considered as a permanently acclimatized resident of our great western valley; though even here it thrives much better,
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nncl extends eastward much faster in a cold northerly than in a warm southerly latitude. 'Ve have traced back the history of this insect as far as the year 1820 ; aml in
all these forty~eight years, although no less than seven invasions of the country to tho
cast of the Rocky Mountains have taken place, namely, in 1820, 1856, 1857, 1864, 1866,
1 67, and 18681 it has never yet got within one hundred and twelve miles of the l\IissiHsippi River; and there is no reason to suppose it will ever do so for the fnture.
There must necessarily be sotne limit or other to the po-wers of flight of this insect.
It would be absurd, for example, to suppose that it could ily, in one season, as far eastTmrd as England or France, or even as far as the Atlantic Ocean. Consequently, as it
can be ]_)roved by historical records, that it has never, within tbe last half century,
reached within one hundred aucl twelve miles of the Mississippi, the fair and reasonable inference is that it never will do so in the future.

His views in regard to the hatching grounds or natiYity of this insect
arc strongly contested by vVilliam N. Dyers, esquire, of Denver, who has
gi ,·en the subject considerable attention. \Vhile 1\fr. Walsh believes the
mountain caiions are the points from which they issue, (with which I at
first agreed,) l\1r. Dyers, on the contrary, thinks they come from the plains
west of the Rocky .l\1onntains. I will hereafter give my present opinion,
my first view having been somewhat modified by subsequent inVestigation. I lmve received fi'om .l\1r. Byers a full statement of his observations
in regard to the history aud habits of this insect, from which I make the
following quotations:
They generally enter Colorado from some point between north and west, usnal1y
about north 30° west. The most destructive flight we ever had her e was in 1864.
Early in the season we heard of great swarms of grasshoppers hatchiug out upon the
pbins of ~Ion tan a, in the valleys of the Three Forks of the Missouri River, and along tho
Yellowstone. Later we beard of their progress south aml east. In August I was with
Professor Parry (now botanist of the Department of Agriculture) and Velie in an
attempt to ascend LongJs P eak. On the 21st we returned to the plttins at the month of
St. Vrain's Calion, about fifty miles north of Denver. A man came up t he valley, in the
evening, to where we stopped, and reported the grasshoppers entering the valley frpm
the north. The next morning, August 22c1, I rode clown the valley and found portions
of the corn fields and grass blackened by their numbers. About five days aftt>r,
August 2ith, the swarm reached Denver, darkening the sky aml often covering the
streets. They devoured corn, tomatoes, potato vines, onions, &c., almost entirely, :mel
within the space of three to five days. The column moved on, say ten miles per day,
and left the (then) settled portions of Colonulo within the valley or basin of tho
Arkansas. \Ve heard no more of them. But myriads remained here, or continued
arriving from the northwest, and depositetl their eggs in plowed fields and upon rolling,
sandy, ancl gravelly land, where the sod was unbr·oken. In September and October
most of them died. The first swarm devoured all that was green, but Colorado's green
crops in August are of small value compared with those harveste<.l in July and up to
August lOth. In March following the eggs deposited by them began hatching, first upon
!:!andy, and gravelly hillsides, facing the sun, and later in plowed fields and in colder
Roils, the outcoming brood reaching too late in May. In walking over the ground tho
young swarm rose about the feet like a gray mist or dust, the little creatures hopi)ing
away like fleas. 'Vhere numerous they literally devoured every green thing. If a
wheat field (in which none were hatched) was attacked they moved across it, or from
the circumference to the center, with the regularity and the effect of advancing flames.
The flights of 1864 destroyed corn and other late crops; the young of 1865 ate up
wheat and other small grains. The comparative damage was probably as one to four,
the young brood being far the worst, simply because their opportunity was greatest.
Generally they move leisurely; their direction influenced largely by the direction of
the wind. In fact I attribute mainly their general comse to the prevailing winds which
come during that portion of the season when they ily most, almost invariably from the
northwest. Along toward noon, in bright, warm clays, they rise by circular flights,
each seeming to act individually, to a considerable height, and then sail away, with
tolerable regularity, in one general direction. If there is no wind, many of them continue whirling about in the air, like bees swarming, but, away beyond, myriads can be
seen moving across the sun toward the southeast, looking like snow-flakes. If there
is ::1 change in the atmosphere, such as the approach of a thunder-storm, or gale of
wincl,.they come down precipitately, seeming to fold their wings and fall by the force
of gravity, thousands being killed by the fall, if it is upon stone, or other hard surface.
If not interrupted by such causes they descend during the afternoon.
The swarm of August, 1864, and the brood of April and May, 1865, are the only general visitations that have scourged Colorado. Similar ones, both flights and broo<ls,
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visited portions of the Territory each year since, but genem:ly confineu to particular localities or narrow belts.
The swarms that invaded Kansas and portions of ·western Iowa in 1867 were traced
from their hatching grounds in Western Dakota and Montana, along the east flank
of the Roc1~y Mountains, and in the valleys and plains of the Black Hills, and between
them and the mnin Rocky Mountain range.
The Hntefnl Grasshopper reaches perfection only in a hot dry atmosphere. The greater the heat of air and earth, the brighter the sun, the dryer everything, tho more it
flourishes. The egg will hatch at a low temQerature; cold will probably not destroy
it ; imlividnal insects will endure a wonderful degree of cold, some living through the
entire winter here; hut under such circumstances I do not believe that the young will
become a perfect insect, capable of perpetnating its species. Heavy dews, frequent
showers with prevailing cloudy weather and humid atmosphere'are very unfavorable
to their growth. Hence I argue that there is no danger of their ever becoming a general or permanent scourge in the United States. The excep~ional seasons, like that of
18fi7, when the season has favored their early development, and prevailing westerly
whHls carry them steadily and rapidly on their journey, they may invade some of the
States of the Mississippi Valley. Their eggs deposited there may even hatch, but I think
tho product will be a feeble and comparatively harmless generation, fl.·orn which none
will follow.
In 1852 I first ouserved the insect in question in the vally of the south fork of the
Columbia IUver, not far from Fort Hall. A swarm lasting two or three days passed
over from about "W. S. \V., moving with the wind, at times darkening the sun 1 covering horses, cattle, and wagons, against ·which they were driven. Tho Digger and
Snake Indians were gathering them for food. In 1t;65, when they hatched here, upon
attaining about half their full size, they were attacked by a fly, which, stinging them
in the back between the root of the wings, deposited one or more eggs, which pro<luce<l
a large white maggot. The worm subl'iste<.l upon the grasshopper, ilnally causing its
death, when it cnt its way out and entered the earth. In this way probably halfwerc
destroyed, often covering the ground and filling the furrows in plowed fields with their
carcases. The remainder took to flight, moving southeast, when their wings were
snfJ.iciently de,'eloped, and we lost trace of them on the great Plains. In the same
year, about the last of Angust, I was in the valley of South Boulder Creek, close up to
the Snowy Range, and found the young grasshoppers very numerous, varying in size
from those just hatched to one-third grown. I know that winter caught aml killetl
them before th~·y were able to fly out of the valley, or olJ enough to produce eggs.
In 1867 I observe(lthe same thing in the valleys west of the Snowy Range. Late in thnt
year the Middle Park was also invade(.] by full-grown grasshoppers that came from the
northwest. They deposited eggs in favorable ground. In1868 those eggs began hatching
in tho lowest and warmest portions of the Park in June, increasing iu July, and continning through Augnst and into September in the higher portions of tho Park, 11}) towanl its rim, where snow and frost continue later in the spring and summer. Thejil'st
hatchecl moved from their native place up the Park eastward, but never got out of it.
The later broods never left their hatching ground. All were destroyeJ by the fa1J
snows. From the middle to the 25th of August, 186S, I was upon and near the Snowy
Hauge east of Middle Park, and on Long's Peak. There was a large, daily fijght of fullgrown grasshoppers, from about \V. N. W., reaching, apparently, to the highest limit
of vision when on the highest peaks. Daily showers prevailed of rain, snow and hail,
usually from 12 m. to 3 p.m., and most of the flying insects were beaten down by them,
when they became so chilled and benumbed that they never rose again. The snowfields in many places were literally covered with the dead and dying. Bears were very
}llentiful feeding and fattening upon them. Hundreds, yes, thousanus of bushels might
have been shoveled up from the hard snow.
I know that they did J)Ot come from the adjacent Middle Park, because those bred
there had not then attained their full growth, and never did, as before stated. The
migrating swarms, therefore, must have come from beyoml-from ~he Green River basin;
or, as I think, from the wide, hot, dry plains of Utah.

These notes by 1\:Ir. Byers contain so many important facts in respect
to the history of this species, that I have thought it best to make very
full quotations from them, that they may be on record for future examination. During the expedition of the present year, while traveling up
the North Platte, between Fort Fetterman and Red Buttes, (August
20-::?3), we observed vast numbers of this species. They were not on
the wing, having to all appearance ended their flight, and were now
pairing, doubtless intending to deposit their eggs there. Fremont en(~ountered a similar swarm in passing over this part of the North
Platte Valley. He remarks, "This insect has been so numerous since
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leadng Fort Laramie that the ground seemed alive with them;
and in walking a little mo\ing cloud preceded our footsteps." They
had probably ceased their flight, and were preparing to deposit their
eggs. B;y· reference to my present report on the agriculture of this section it will be seen that here there appears to be an almost constant
current of air sweeping down the Platte Valley from the west. vVhen
we reached South Pass City I learned from 1\Iajor Baldwin that about
the first of the month (August) a large swarm had crossed over the
pass from the west, moving eastward, and that they had not gone to
\Vind River Valley. I am satisfied that they did not go upon the Laramie Plains, as I visited that section twice during the season. Nor did
we meet with any swarms during our passage up the Sweetwater; we
may, therefore, reasonably infer that those we saw on the North Platte
were the same that crossed the mountains at South Pass. From whence
did they come~ As we heard nothing of them during our passage down
Dig Sandy along the stage road, I infer that they must have come from
the northwest; but what distance I have no means of ascertaining. As
heretofore stated, they have been very destructive in Utah for the past
three years, not only injuring Yery materially the growing crops, but
eating the leaves from the fruit trees to such an extent as to injure the
fruit. From Dr. A. T. McDonald, of Provo City, I learned the following particulars in rrgal'd to the incursions of this insect into the Territory. That the prevailing cold and winter storms are from the northwest, but that the grasshoppers seldom come from that direction. On
the contrary, they generally came from the nortlleast through the
cailons, being brought in by the local currents which sweep through
these mountain openings, and that they generally pass oft' in a southwest direction, though the swarms that come in often remain and deposit their eggs, from which another brood arises in the spring. Sometimes, after a swarm has departed to the southwest, the wind changes,
and they are driven back to be swallowed up in the lakes, or perish in
the valley. The time of coming varies from the middle of l\1ay to the
middle of August. The eggs that are deposited here usually hatch out
in April and May. The growing crops receive their greatest injury
from the young, which are hatched in the Yalley. The usual method of
fighting these young gormands is to dri,-e them into the irrigating
ditches, where they are drowned in the water. \Vhen they are a little
older the~r are often checked by scattering straw along the edge of the
ditches, and driving them into it early in the morning, and then firing
it; those which are not destroyed by the fire being caught in the water
of the ditch and drowned. But these methods of combatiug them !lre
practicable only when they are in the larvre and pupa states.
Dr. 1\icDonald says that in Utah, at least, the females deposit their
eggs in the ground in sacks-a fact heretofore noticed and publishedon the gravelly eleYated plateaus, or foot-hills. And from my observations this season I am inclined to agree with him in the opinion that
these elevated table lands, which are composed. of coarse sand and
gravel, and but slightly covered with vegetation, are the priucipal hatching grounds of the migratory swarms. The local broods are to be foun<l
all over the Rocky Mountain region, from Raton Mountains as far north
as I have been, and as far west, at least, as Salt Lake Valley. These
are found hatching out in the grassy valleys and broad plains of the
lower lands, and up the mountain canons almost to the snow limits.
And these broods appear to have little or no connection with the migrating broods; but the solution of these questions will require more
extended observations by those who can distinguish the speeies.
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I.-PRELIMINARY PALEONTOLOGICAL

REPORT,

CONSISTING OF

LISTS OF FOSSILS, WITH DESCRIPTIONS OF SOl\fE NEW
TYPES, ETC.
BY F. B. MEEK.

GENERAL REMARKS.*

The few Silurian fossils enumerated in the following list appear,
judging from their affinities, to belong to a low horizon in that series or
system of rocks. Ophileta c01nplanata, as is well known, occurs in the
calciferous group of the Lower Silurian in New York. The specimens
in the collection referred to this shell are smaller than the usual size of
Vauuxem's species, and may possibly belong to a distinct representath·e
form, though they seem to agree in all respects, excepting in size, with
0. cmnplanata. An associated sub-discoid shell, belonging apparently
to the genus Raphistoma, is also nearly allied to a species found along
with 0. cornplanata in rocks of about the age of the calciferous along
Lake Pepin in l\Iirmesota and \Visconsin. Another little gasteropod,
however, found associated with those mentioned above, and for which I
have proposed the name Bucanella nana, is not only congeneric with, but
eYen specifically allied to one found in the Medina sandstorle, and some
of the higher rocks in New York, though it is nevertheless specifically
distinct from the New York form. So far as these few fossils 'varrant
the expression of an opinion respecting the age of the rock from which
they were obtained, I should be inclined to .place it nearly <.m a parallel
with the calciferous division of the Lower Silurian.
'rhe rock from which the single Orthis was obtained at Colorado City
is probably also Lower Silurian, as this shell belongs to a section of the
genus found in rocks of that age, and is unlike any carboniferous or
Devonian form known to me.
In regard to the carboniferous species mentioned in the following list,
I 1lave elsewhere remarked that although some of them ~'are forms
known to be common to the lower carboniferous and the coal measures
of the Western States, they are all, with one or two exceptions, so far
as they have been identified, founu in the coal measures of Illinois, Iowa,
Kansas, and Nebraska, while not a single one of them is identical with
any of the species peculiar to the carboniferous limestone series below
the horizon of the millstone grit in the Western States, though about
fourteen of them are peculiar to the coal measures there." t
From these facts it would seem that if the lower carboniferous limestones of the l\lississippi Valley are represented at the localities from
which these collections were obtained, they probably contain few fossil~,
and that the principal fossiliferous carboniferous strata there belong to
the horizon of the coal measures, as developed farther eastward. W c
*I am under obligations to Professor Henry for the usual facilities at the Smithsonian
Institution, while preparing this paper.
t Proceed. Am. Philosoph. Soc., Phila., XI, p. 428, 1870.
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baYe reason to believe that there are, however, in the region of the Great
Salt Lake, beds representing some of the higher members of the lower
carboniferous series of the Mississippi Valley. Colonel Simpson brought
from there, in a dark, very hard limestone matrix, specimens of one of
those curious, screw-shaped Polyzoa, known by the generic name Archirn·
edes, so common in the lower carboniferous limestones of the Western
States, but unknown in the coal measures. Some of the corals brought
by Colonel Simpson and others are also unlike any of those known in
the coal measures of the :Mississippi Valley, and more nearly allied to
forms found in the upper members of the lower carboniferous limestone series in the States east of the Rocky Mountains.
Among all of the carboniferous fossils yet brought from any part of
the Uocky l\1:ountains, as well as from localities west of there, I haYe
never seen a single species indicating the existenc(j there of any representatiYe of the Burlington limestone, which, with its great profusion
of beautiful crinoids, forms so marked a horizon in the carboniferous
rocks as developed in some of the States farther eastward. This, however, is just what we might expect, since the Burlington limestone, even
in the States alluded to, is comparatively limited in its geographical
range, and evidently owes its origin to local physical conditions; while
the Chester, St. Lou_is, and Keokuk limestones have a much wider geographical range in the Mississippi Valley, and hence would be more apt
to be represented at these distant westeni localities.
Judging from the few fossils yet brought from the far vVest that belong to the lower carboniferous, the evidence seems to favor tile conclusion that the rocks from which they were col1ected rather represent
the Chester and St. Louis beds than any of the older divisions. It is
not improbable, however, that when the whole series of carboniferous
deposits in the Rocky Mountains can be thoroughly worked out in detail,
there may be found subdivisions there that have no repre8 ent<"tth~es in
the Mississippi Valley, as we have reason to believe several members of
the series, as made out in the latter districts, may be wanting farther
westward. So far as yet knmvn we have no reason to beliC\·e, from any
paleontological evidence, that the important oldest member of the carboniferous, known in Ohio as the Wayerly group or series, occurs in the
Rocky l\1ountain region.
The small collection of fossils I have placed in a separate list, under
the heading "Permo-carboniferous," are contained in a brittle, whit,ish,
cherty matrix from Box Elder Station, on Platte River. ..A..lthough
without exception, so far as they can be identified, forms that haYe an
extensive range in the coal measures of the Western States-most of
them eYen extending into the middle and lower coal measures, and one
even into the Chester limestone*-these fossils, when viewed togeth~r
as a grmtp, point to a higher position in the series than those that precede them in the following lists. Indeed, there are probttbly few European geologists unacquainted with the range of these forms in the
carboniferous rocks of this country, that would hesitate to refer them to
the Permian. The genera Pseudo-rnonotis (lrfonotis of some, not of
Bronn) and Bakevellia are generally regarded in Europe as characteristic
of the Permian, while the Schizodus, .ll1.yalina and Plettrophorus, particu- ,
larly the former two, are specifically closely allied to foreign Permian
types. The fact, too, that we find among the specimens from this chert
but one species of the Brachiopoda (Hemipronites crassus) so very com* I have recently identified Hemip1·onites crassus, from specimens shmving both the internal and external characters, among some collections sent to me from Professor
Stevenson from the Chester limestone of West Virginia.
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mon in our western coal measures, and ~carcely an:r of the coal-measure
Gasteropoda, and none of the Polyzoa,, Forarninifer·a, corals or fish remain . when viewed in connection with the affinities of the forms mentioned, certainly imparts quite a Permian aspect to this little group of
fossils.
On the other hand, when we bear in mind the fact above stated, that
all of the species, so far as they can be identified, are certainly known
to range far down into the unquestionable coal-measures of the western
States, while we here also find associated with them a Phillipsia, a
genus entirely unknown in the Permian of Europe, and even belonging
to an order or sub-order of Crustacea, not certainly known to have existed after the close of the Carboniferous epoch, we at once see the neces ity for caution in referring this rock to the Permian, on such evidence.
E'?ery one familiar with the organic remains of the coal-measures of
the :Mississippi Valley, is aware of the fact that we not unfrequently
meet with thin local beds and seams there, containing precisely such a
group of fossils, and yet overlaid, wllere there is not the slightest disturbance of the strata, by hundreds of feet of unmistakable coal-measures, filled with their characteristic plants, Forarninife'ra, Brachiopoda,
Lamellibrancltiata, Gasteropoda, Trilobites, :fish remains, &c. Hence it is
more probable that the association of these ten or twelve fossils in this
bed of chert, and the absence, so far as known, of the other forms mentioned, resulted from some peculiar local physical conditions before, rather
than at or after the close of the carboniferous period. The probability is,
that this bed belongs to the same horizon as the rocks in Kansas, to which
we have applied the name Permo-carboniferous, though it may be even
somewhat older.
The few forms placed in the list under the heading'' Jurassic species,''
nearly all came from the same horizon, and some of them from the same
localities, as those we have :figured and described in tlle paleontology of
the Upper Missouri, and there referred to the Jura. Although the species known from these beds are amply sufficient to prove them to be
of Jurassic age, they scarcely warrant, or, at any rate, have not yet been
sufficiently compared with European Jurassic species to justify a positive
opinion in regard to their precise horizon in that great series of roeks,
though they appear to occupy a rather low position in the same, judging
from their affinities. The single Ammonite from between Sacramento
and Summit Station, described by Mr. Gabb, under the name A. Nevadensis, probably came from the horizon of some part of the Lias.
The cretaceous species enumerated in the list belong to horizons representing all of the subdivisions of the cretaceous series as made out in
the Upper Missouri country, and serve to illustrate, to some extent, the
geographical extension of these several rocks or groups, southward and
westward from the original typical localities. The nlimbers 1, 2, 3, 4,
and 5, along the right-hand margin of he list, opposite the localities, ,
show to which member of the Upper Missouri cretaceous each sp<?cies:
belongs-the subdivisions of the Upper Missouri cretaceous having
been severally named and numbered from below upward, as follows:
No. 1, Dakota Group; No.2, Fort Benton Group; No.3, Niobrara Division; No. 4, Fort Pierre Group, and No. 5, Fox Hills Beds ; tb.e names
being derived from localities where the several formations are well developed.
The specimens from twelve miles southwest of Salina, Kansas, came·
from a brown ferruginous sandstone belonging to the horizon of the
Dakota Group, or oldest division of the Upper Missour\. 9retaceous series..
19 G
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For these we are under many obligations to Professor B. F. Mudge, of
the Kansas .Agricultural College, at Manhattan.* They are especially
interesting, because we have hitherto known only a few of the 1Jfollusca
of this horizon, though the remains of many species of forest trees had
been obtained from this rock, both on the :Missouri and in the interior
of Kansas. The shells discovered by Professor l\1udge are marine
types, with probably the exception of two species of Corbicula; while
on the Missouri we have obtained from this rock only a few marine
types, such as Mactra and Axincea,, associated with Cyrena, Unio, and
Pharella.
It is proper to remark here that, although we usua1ly speak of this
Dakota Group or division as belonging to the earlier or lower cretaceous
of the Upper Missouri country, we do not·thereby mean that it belongs
to the lower part of the cretaceous system, as understood in Europe;
but simply that it is the oldest member of the series yet certainly known
in the Upper Missouri country. It is probably not older than t.h e lower
•Or gray chalk of British geologists, as we have elsewhere explained.
The specimens from near Fort Bridger and Medicine Bow River,
·wyoming, as well as from six miles west of Canon Station and Dodson's
Ranch, show that the Fort Benton Group or division of the Upper 1.\-Iis.so uri cretaceous occurs at those localities. .Among the specimens from
between Hardscrabble and St. Charles, from Fort Bascom, Medicine
Bow River, and Colorado City, there are characteristic forms of the
Niobrara Division; and from the mouth of Deer Creek, Wyoming, valley of Fountain Creek, and Box Elder Creek, Colorado, there are Fort
Pierre forms. The Fox Hills beds are also shown to be represented at
Fountain Creek, and Colorado City, Colorado.
Some of the specimens from near Bear River, and at Coalville, Utah,
from a light-colored sandstone, containing beds of a good quality of
brown coal, appear to belong to a member of the cretaceous series not
•corresponding to any of those named in the Upper :Missouri countr.r;
though it is, as I believe, represented by a similar sandstone under the
oldest estuary tertiary beds at the mouth of the J udjth River, on the
Upper Missouri. In 1860 Colonel Simpson brought from this rock, on
Sulphur Creek, a small tributary of Bear River, in Utah, some casts of
1noceramus, and other fossils; and in some remarks on Colonel Simpson's collection, published by the writer, in connection with 1\ir. Henry
Engelmann, the geologist of Colonel Simpson's survey,.x' we referred this
formation to the cretaceous. The collections that have since been
brought in from it, in Utah, by Mr. King's and Dr. Hayden's surveys,
confirm the conclusion that it belongs to the cretaceous, as they contain,
.among other things, species of Inoceranws, Anchura, ancl Gyrodesgenera that seem not to have survived the close of the cretaceous
period. In addition to this, there is among Dr. Hayden's collections
.from this rock, at Coalville, a Tu,rritellctJ that I cannot distinguish by the
:figure and description, even specifically, from T. llfartinezensis, described
.by l\rir. Gabb, from one of the upper beds in California referred to the
·cretaceous. .A llfodiola from the same horizon also appears to be specifically identical with M. Pec1ernalis, of Roemer, from the cretaceous
of Texas. Dr. Hayden also bas, from a little above the coal beds at
Coalville, specimens of oyster that seem much like 0. Idriaensis ~nd 0.
Brewe'rii, of Gabb, from the upper beds of the California cretaceous.
As no other fossils were found directly associated with these oysters,
*.I have prepared a quarto plate fully illustrating these fossils, to be published in
.the Paleontology of the Upper Missouri.
"See Proc. Acad. Nat. Sci., Phila., 1860.
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however, nor any strictly marine forms above them, it is possible that
they may belong to the lower tertiary.
From the affinities of some of these fossils to forms found in the latest
of the beds referred in California to the cretaceous, and the intimate
relations of these marine coal-bearing strata of Utah to the oldest tertiary of the same region, and the apparent occurrence of equivalent
beds bearing the same relations to the oldest brackish-water tertiary
beds at the mouth of Judith River on the Upper Missouri,* I am inclined to believe that these Coalville beds occupy a higher horizon in
the cretaceous than even the Fox Hills beds of the Upper Missouri cretaceous series; or, in other words, that they belong to the closing or
latest member of the cretaceous.
All of the explorers of this region concur in the statement that the
above-mentioned cretaceous beds are intimately related to the succeeding brackish-water deposits that appear to belong to the oldest tertiary;
the two formations, wherever they occur together, being conformable
and without any intermediate beds, so that the one seems to shade into
the other, without any abrupt or sharply-defined line of separation; the
change being mainly indicated by a gradual transition from beds containing cretaceous types of only marine origin, to those with brackish
and fresh water types, apparently most nearly allied to early eocene species of the Old World.
So far as yet known, there would appear to be no strictly marine tertiary deposits in all this interior region of the continent; even the lower
parts of the surface here having been apparently gradually elevated
above the sea level at, or very near, the close of the cretaceous period.
For the same reason all of the beds hitherto referred with confidence to
the cretaceous are of undoubted marine origin, as they contain only
marine types.
These cretaceous gulfs or seas, however, evidently did not occupy the
whole country here, as we know from the absence of cretaceous deposits
throughout what were doubtless wide areas, or possibly, in some cases,
smaller islands of dry land at that time. As the whole surface was
gradually elevated, however, even the lowest portions rose finally to
near the tide level, thus, probably, leaving· large inlets and estuaries of
brackish waters that subsequently became so far isolated by the continued elevation, and from sedimentary deposits, as to prevent the influx
of the tides and form fresh-water lakes, in which the later fresh-water
and terrestrial types of fossils only were deposited.
That this change from marine to brackish-water conditions was exactly
contemporaneous with the close of the cretaceous epoch, and the introduction of the tertiary in Burope, is not certain; nor is it necessary that
this should have been the case to constitute the older rock cretaceous and
the later tertiary, because in the use of these terms we have reference
rather to the order of succession of certain great physical changes, affecting life in distantly-separated parts of the earth, than to the exact time
of the occurrence of these changes.
*Associated with the esti1ary beds at the mouth of Judith River, on the Upper Missouri, there is a yellowish arenaceous rock, agreeing exactly in its lithological characters with the coal-bearing strata on Bear River, in Utah, and ·conta,ining au oyster apparently belonging to the same species as one found in the rock mentioned at the latter locality. All of the strata at this Judith River locality are upheaved, and more or
less mingled together, and I have long suspected that some vertebrate remains found
there by Dr. Hayden, and supposed by Dr. Leidy to be cretaceous types, belong rather
to· the sandstone, that appears to be an equivalent of the Bear River coal strata of
Utah, than to the estuary beds. It is even possible that equivalent beds at other
localities in the Upper Missouri country may have been, from the absence of characteristic fossils, included along with the tertiary.
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*The oldest beds in the Bear River country of Utah and Wyoming,
properly belonging to the tertiary, and, as above stated, so intimately
related to the latest cretaceous, contain species of Corbula, Cyrena, ( Oorbimtla), perhaps Ostrea and a univalve related to Melampus, directly associated with several species of Goniobasis, two of Unio, one or two of JJ!elantho, several species of Viviparus, one of Tiara, &c., showing clearly
that these strata were deposited in brackish waters.t These shells also
exist in great numbers, and are preserved in a condition showing that
they could not have been transported far by currents, but that they must
have lived and died at least near where we now find them.
All paleontologists .are aware of the fact that the remains of fresh and
brackish-water shells do not generally present such well-marked peculiarities of form, ornamentation, &c., in beds of different ages, as we see
in marine types, so that they cannot always be relied upon with the
same degree of confidence in identifying strata that we place in marine
forms; some of those from oldest cretaceous being, for instance, very
similar to existing species. So far as I have been able to compare the
species from this formation with described forms from other parts of the
world, they generally agree most nearly with lower eocene types ; the
Corbiculas and Tiara being very similar to forms found in the lower
lignites of the Paris basin, and at the mouth of the Rhone in France. At
the same time it is worthy of note, that most of these shells are quite
unlike any of the known existing North American species, and one of
them (Tiara humerosa) belongs even to a genus entirely unknown among
the existing Melanians of the American continent, though found inha biting "the streams of Madagascar, the Fejee Islands, &c. One of the
Uniones ( U. belliplicatus) resembles in its ornamentation some of the
South American species and the genus Castalia, much more nearly than
it does any of the recent North American species, although having the
form and hinge of a true Unio; and another abundant bivalve, found in
the same associtiaon ( Corbula Anisothyris pyrij'orrn~is) seems to l;le allied
in some respects to a peculiar group recently described from 8 pliocene
or miocene formation on the Upper Amazon of South America, by Mr.
Gabb, under the name Po,chydon, and ·afterward renamed Anisothyris by
Mr. Conrad, because the name Pachyodon had been previously used for
another genus.
This last-mentioned shell ( Corbula pyriformis) was referred by me, provisionally, to Azara, because it occurs in the sams beds with fresh and
brackish-water forms, and has the general aspect of some species of Oo'rbula, which group is believed by some good authorities on conchology
to include Azara as a sub-genus; while none of our specimens showed
the hinge. Among some of the latter collections, however, I found specimens by which I was enabled with considerable difficulty to succeed in
working out the hinge, and found that it does not agree with that of Azara,
but apparently conforms almost exactly with that of Corbula, with probably the exception of some regular furrows on the tooth of the right
valve. From its brackish-water habits, however, and its general similarity of form to Anisothyris or (Pachydon) erectus, Conrad, I referred it, in
manuscript, to Anisothyris, placing that group as a sub-genus under
Corbula. Soon after I mentioned, in a letter to my friend Mr. Conrad,
that I had discovered that this shell does not possess the _h inge of Azcf.ra,
and that I had referred it to Anisothyris.
" These remarks from this paragraph to the end of the first paragraph ending on
page 295, inclusive, were extracted and printed in pamphlet form, excepting the fuot
;notes, on the 18th February, 1871.
· t The conditions, however, might have been such that the saltness of these estuaries
was, at first, very little diluted by the stJ:cams that brought from the adjacent shons
,t ho fresh-water types.
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Subsequently I received a note from Mr. Conrad, informing me that
he had proposed, in manuscript, a sub-genus, Anisorhynckus, for this species. If this separation from Oorbula is necessary, however, on account of
the habits of the species, I would think it should still stand as a sub-genus
under that group, or, in other words, that the name of the species should
be written Oorbula (Anisorhynchus) pyrijor1nis, because it seems to me
even doubtful whether Anisothyris is more than sub-generically distinct
from Oo'rbula; while the species 0. pyr·i formis is still more closely allied
to Oorbula than Anisothyris is; in fact, it agrees almost exactly, in its
hinge, muscular, and pallial impressions, with Oo·rbula, even in the very
few characters distinguishing Anisothyris from the same, and we have
almost nothing left but its Neara-like form, and brackish-water habits,
to separate it from Oorb~tla; while som_e marine species, such as 0. alwformis of Gabb, present almost exactly the same form.
It may be proper to remark in this connection that the South American group Anisothyris, or Pachydon, is much more nearly allied to Oorbula
proper than was supposed by my friends Mr. Gabb and Mr. Conrad,
(although the latter placed it near Oorbula) since they both thought it
had an external ligament, and no internal cartilage. On examining
good specimens of six of the South American species sent on by Professor Orton to the Smithsonian Institution, however, I at once satisfied myself that these shells certainly had an internal cartilage in a pit
behind the tooth in the right valve, and attached to a process in the
left, exactly as in Oorbula, excepting that the process is more oblique
and less flattened than is usual in that genus.*
On mentioning these facts in regard to the presence of an internal
cartilage, in a letter to Mr. Conrad, he wrote back that a further examination had satisfied him that I was right in this, and that he now rests
the group entirely upon its sub-spiral beaks, a kind of rudimentary
posterior lateral tooth in the right valve, and a small accessory scar at
the upper end of that of the posterior adductor, together with the
brackish-water habits of the species. It should he horne in mind, howe\er, that this faint rudimentary posterior lateral tooth does not exist in
all the typical species ; while it is obscurely represented in some marine
tertiary species of Oorbula; nor have I been able to find the posterior
pedal muscular scar in them all, more clearly defined than in some
marine tertiary species of Oorbula.
Several of the other forms found in these Bear Ri\er beds present
more marked peculiarities than are to be seen in Oorbula pyriformis,
which may render it desirable to place them under separate sub-generic
groups; for instance, that I have described under the name Oorbicula
Durkeei, which is a remarkable trigonal, thick shell, has the posterior
dorsal margins of the valves inflected, and the cardinal teeth directed
more obliquely backward than we see in the recent species, while its
elongated lateral teeth are nearly or quite smooth, instead of being
transversely striated. The posterior lateral tooth of its left valve is
also mainly formed by the beveling of the inflected margin, instead of
standing out as a distinct tooth. In some respects this shell is more
like Verlorita, from which, however, it differs materially in others.
*In some interesting remarks, recently published by 1\fr. Henry Woodward of the
Erith;h Museum, in the Ann. and Mag., N. A., on the relations of Anisothyris to Corbula
and some allied groups, he mentions as oue of the differences, that the latter have the
cardinal tooth in the left valve, while in Anisothy1·is it is in the right, and the socket rice
versct. This, however, is probalJly due to some typographical error, as there is certainly
no difference in the position of the cardinal tooth and socket, or in that of the cartilage
process with relation to each other, or to the two valves, between Corbula and .Anisothyris; both having the tooth in the right valve, and the socket and cartilage process
in the left.
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If it should be thought desirable to make it the type of a distinct subit may be called Oorbimtla ( Veloritina) Durlceei. In the same
way, if the proposed sections of Unio should be sustained, the curiously
plicated species, described by me under the name U. belliplicata, may be
called .U. (Loxopleurus) belliplicatus.t
I have elsewhere proposed, in manuscript, to make my Melarnpus priscus from this formation, the type of a new group, under the name Rhytophorus priscus, on account of its peculiar costated surface, smooth
outer lip, and single well-developed plait, and another obscure one, on
the columella.
Of the species of Tiara, already mentioned from this rock, thousands
of specimens have been obtained, and yet it is remarkable that not a
single one of them shows the lip about the lower part of the aperture
unbroken, and entirely free from the matrix. Some of those I have recently seen, however, appear to show a kind of angularity about the
base of the aperture not seen in the typical forms of Tiara, and some
appearance of a peculiar furrow along the outer edge of the base of the
columella. If these are not due to accident-and they certainly seem
not to be-it may be found that this shell should be regarded as the
type of a sub-genus, bearing somewhat similar relations to Tiara to
those existing between Goniobasis and the elongated old world Melanians.
If so, it may be called Tiara (Pyrgttlijera) hurnerosa.f.
Of course, comparisons of the shells from this formation with those
of the~ tertiary beds of the Atlantic and Pacific slopes, afford no aid
whatever in fixing its precise position in the series, because the speeies
from the latter are, almost without exception, marine types. There is
less difficulty, however, in drawing parallels between it and the tertiary
deposits of the Upper Missouri country, l>y a comparison of fossils, although the species are mainly different, so far as yet known, in these
two districts. At least two of the known forms, however, from the Utah
and Wyoming beds under consideration, are believed to be specifically
identical with species found in the oldest beds referre({ to the tertiary
at the mouth of Judith River on the Upper Missouri, under the name
Fort Union Group. These are Unio prismts and Vivipartts Conradi. In
addition to this, the fossils at these two localities are in precisely the
same state of preservation, and have a more ancient appearance than
those of the later deposits of both districts, while they also agree exactly
in their mixture of brackish and fresh-water characters. Again, at both
localities, these deposits are intimately associated, as already stated,
with what appears to be the latest of the cretaceous series; while in
genus~

t I have had no opportunity to consult Spix's work in which he proposed the group
Diplodon, but had supposed from the s-trongly alate-shell figured by Sowerley as an
illustration of the same, that it was founded on a widely distinct type from our Utah
shell. }<'rom the diagnosis of Diplodon, given by H. and A. Adams, however, I am led
to think it may possibly include our type, though I cannot believe theNorth American
species ranged by the above-named authors should be placed in the same section with
our species.
·
t Since these remarks were in type and issued in pamphlet form, Mr. Conrad kindly
sent me a sketch of a specimen of this species at the Philadelphia Academy of Science,
showing more of the lip and ba~e of the aperture than I had seen, and expressed the
opinion that it is a good genus. Soon after I succeeded in working the matrix from
the aperture of a perfect very large specimen, and from this and Mr. Conrad's sketch,
the inner lip is seen to be quite thick all the way up, but particularly below, and the
narrow base of t.he aperture sinuous. My specimen also shows that there is a shallow
marginal sinus of the outer lip at the termination of the shoulder, while below this it
is prominent. It is therefore evident, that with the distinctly turreted spire, shouldered
and coronate wheels, as well as the general aspect of Tiam, in its thickened inner
lip and some other characters, it resembles Lithasia, and constitutes a distinct genus
from bot,h , in which opinion Mr. Coni:ad and Profes~or Gill concur.
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both districts they contain lignite, and are succeeded by later tertiary
beds of strictly fresh-water origin.
The fossils from the later tertiary deposits of Wyoming and Utah,
mentioned in the lists, came from Henry's and Black7s Forks of Green
River, Church Buttes, Barrel Springs, Fort Bridger, Pacific Springs,
and other localities of the same region. They belong to the genera
Unio, Sphwrium, Goniobasis, Bythinella, Physa, Planorbis, &c., most of
which are very numerous in individuals, though there are not many
species of any one of these genera. From the entire absence of marine
and brackish-water types in these beds, it seems evident that they were
deposited in fresh-water lakes, entirely isolated from the influx of tides,
in basins that were raised above the level of the sea, in part by the accumulation of sedimentary deposits, and probably in part from the gradual elevation of the whole country. These later beds may be susceptible
of subdivision into several subordinate groups, but the fossils yet known
show closer relations between the different beds of this series than between any of them and the brackish-water deposits beneath. Indeed, I
have not been able to identif:V a single species from the latter with any
of those from the strictly fresh-water beds under consideration, and they
are alsQ equally distinct from all of those known from the Upper 1\iissouri country.
From the differences observable between the species found in these
fresh-water deposits and the older brackish-water beds of the same region, believed to belong to the eocene, and the superposition of the former, it is reasonable to infer that the later series belongs wholly or
mainly to the horizon of the miocene, especially as none of the fossils
contained in these beds are certainly known to belong to existing species.
LISTS OF FOSSILS COLLECTED.
SILURIAN SPECIES.

1.
2.
3.
4.
5.
6.

Orthis desmopleura, Meek Colorado City.
Meristclla or Merista (undetermined species); Crater's Falls.
Ophilcta complanata, var. nana j Crater's Falls.
Bncanella nana, Meek 2 ; Crater's Falls.
Raphistoma j Crater's Falls.
Endoccras (undeterminetl species); Crater's Falls.
1;

CARBONIFEROUS SPECIES.

1. Fusulina cylincl1'ica, Fischer ; Moleen Station.
2. SyringO)JOI'a (undetermined specimen); Moleen Station.
3. Cmnpoph.IJllum, like C. torquimn, Owen ; Hot Springs, Salinas Creek, Salt Lake.
4. Zaph1·cntis (?); Head Black Fork Bear River, Utah.
5. CTinoicl colurnns j Pecos Church, Mora Creek, and Hot Springs.
6. Chretctes (undetermined massive and ramose forms); Moleen Station, Salinas
Creek.
7. Fenestella and Polypom; near Pecos Range, 10 miles south ofKosylowiski, New
Mexico, and Mora Station.
8. Sl}nocladia (Septopom) Cest1·iensis, Prout (sp.); Mora River.
9. Ortltis (undetermined species); Santa Fe, New Mexico.
10. Hcmi]Jronites crassus, M. and W.; Santa Fe, New Mexico, Box Elder Calion, North
Platte.
11. Chonetes (undetermined species); Santa Fe, New Mexico, Box Elder Canon.
12. Productus Ncbrascensis, Owen; 1\Ioleen Station, Santa Fe, New Mexico.
13. Productus punctatus, Martin, (sp.); Sangre do Christo Pass, Colorado.
1. I proposed for this species the name 0. Ooloradoensis, in the Proceed. Am. Philosoph. Soc., xi, p.
425, 1870 ; but as Dr. Shumard hall previously used that name for another species of this genus, it becomes necessary to make a ch~mge.
2. Proceed. Am. Philosoph. Soc., xi, p. 426, 1870.
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14. Productus scmireticulatus, Martin, (sp.); Sangre de Christo Pass, Colorado, and
Pecos Church, Mora City, ·weber Mountains, Box Elder, North Platte.
15. P?·ocl1wtus nodosus, Newberry; Mora Creek, New Mexico, Hot Springs, Salinas
Creek, Santa Po, New Mexico.
16. Procluctus Prattenianus, N. ; head Black's Pork, Bear River, Utah.
17. Produotus longispinus, Sow., Var. Wabaslumsis, N. and P.; Hot Springs, Salinas
Creek, Santa Fe, New Mexico.
18. Productus (two or more undetermined species); Santa Pe, New Mexico.
19. Spirife?' (Martinia) likeS. planoconvexus, Shum.; Moleeu Station.
20. S]Jirifer oarneratus, Morton; Pecos Church, Mora Creek and River,.. New Mexico.
Santa Fe, Mora Creek, New Mexico.
21. Spirifer Rocky-Montani, Marcoa
22. Athyris subtilita, Hall, (sp.); Santa Fe, Mora Creek, 10 miles south of Kosylowiski; ncar Pecos, New Mexico, and Sangre de Christo Pass, Colorado.
23. Avimtlopecten (undetermined species); near Pecos River, New Mexico.
24 . ..dviculopecte?t oarbonarius, Stevens; near Pecos River, New Mexico.
·
25. Myalina Swallovi, McChesney; 10 miles south of Kosylowiski.
26 . .Avicula (undetermined species); 10 miles south of Kosylowiski.
27. Pleurophonts angulatus, M. and W.; 10 miles south of Kosylowiski.
28. Belle?·ophon (fragments of large undetermined species); Moleen Station.

en;

PERMO-CARBONIFEROUS. (~)

1. Fragments of C1·inoicl oolurnns; Box Elder Station, Platte River.
2. Hernipronites crassu.'l, M. and H.; Box Elder Station, Platte River.
3. Avioulopecten oocidentalis, Shum.; Box Elder Station, Platte River.
4. Myalina pe1·attenuata, M. and H.; Box Elder Station, Platte River.
5. Pseudonwnotis Hawni, 1\I. and H.; Box Elder Station, Platte River.
6. Balcevellia. (undetermined species); Box Elder Station, Platte River.
7. Pinna pemouta, Shum.; Box Elder Station, Platte River.
8. Schizodus cw·tus, l\1. and W.; Box Elder Station, Platte River.
9. Eclrnondict .Aspenwallensis, M. (New species; see description at end of list.) Box
Elder Station, Platte River.
10. Pleurophorus ('?) (undetermined casts); Box Elder Station, Platte River.
11. Maorocheilus, (uuueterminccl species); Box Elder St::ttion, Pl::ttte River.
12. 01·thocems (?) (small undetermined species); Box Elder Station, Platte River.
13. Phillipsia (fragments of an undetermined species); Box Elder Station, Platte
River.
JURASSIC SPECIES.

1. Ostrea (a very small, undetermined species, with Leak truncated) ; mouth Henry's
Fork of Green River, Dakota Teritory. ·
2. Carn_ptoneotes exte?zuatus, l\f. and H.; mouth Henry Fork of Green River, Dakota Territory.
3. rJamptonectes bellistriatus, l\I. and V'l.; Red Buttes, Green River, Dakota. Territory.
4. Trigonia (:1 small, undetermined species of jurassic type); Red Buttes, Green
River, Dakota Territory.
5. Bivalves (casts of seveml small, undetermined species); Red Buttes, Green River,
Dakota Territory.
6. Cm·dinia (f) ; Salinas Creek, Hot Springs.
7. Pholaclomyct (mere rude undeterminable casts); Salinas Creek, Hot Springs.
8. Belemnites clensus, M. and Vv.; Como.
9 . .Ammonites Newclensis, Gabb; between Sacramento and Summit Station.
CRETACEOUS SPECIES.

1. Ostrea oongesta, Conrad; between Hardscrabble a.nd St. Charles. Cret., No. 3.
2. Ostrea solcniscus, Meek; near Bear River, associated with coal. Cret., No.-(1)
3. Ostrea appressa, Gabb ?3 ; Coalville. No.-(~)
4. G1·yphcect navia, Conrad; Fort Bascom. Cret., No.3.
5. Inoceramus Sagensis, Owen (. ~) ; Pountain Creek, Colorado City, Colorado. Cret.,
No.4.
6. Inooerarn?tsfragilis, H. ::tnd M.; Medicine Bow River. Cret., No.3.
7. Inoceramus problematious, Scbloth, (sp); Fountain Creek, between Hardscrable,
Dodson Ranch, and St. Charles. Cret., Nos. 2 and3.
8. Inoceramus (undetermined species); six miles east Como Station, Union Pacific
Railroad. Cret., No.2.
9. Inoceramus clejonnis, Meek4 ; Colorado City. Cret., No. 3.
3. This may be either Mr. Gabb's 0. appressa or his 0. Idriaensis, if they are distinct, as there are
muong the specimens individuals that agrre pretty well with both, and yet seem to be only varieties of
one species. These and 0. Solenisws a,ro founu Just above a bed of brown coal, and may possibly bo
loY>Or tertiary, but arc more probably upper cretaceous.
4. Sec Ih·einont's Report, pl. iv, fig. 2.
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10. Inocemmus (undetermined species5 ) ; Cache la Poudre River, near Greeley, Denver and Pacific Railroad. Cret., No.3.
11. Inoceramus cmltus, Meek; near :Medicine Bow Station, Pacific Railroad. Cret.,
No.3.
12, Cucullma (undetermined species); Dodson Ranch. Cret. No. 2.
13. Modiola Pcclernalis, Roemer; Near Coalville. Cret., (?)
14. Nucnlana (undetermined species); Near Coalville. Cret., (~)
lfi. Pachymya (?) trnncata, Meek, (new species, see description,) (~) 4. Exact localiy
unknown.
16. Crassatellina oblonga, Meek, (new species, see description); twelve miles southwest of Salina, Kansas, Professor Mudge. Cret. No.1.
17. Unio Nebrascensis, Meek (new species, see description); opposite Sioux City, Dakota County, Nebraska. Cret; No.1.
18. At·cct (?) parallela, Meek (new species, see description); twelve miles southwest
of Salina, Kansas, Professor Mudge. Cret. No.1.
19. Yolclia 1nicrodonta, Meek (new species, see description); twelYe miles southwest
of Salina, Kansas, Professor Mudge. Cret. No.1.
20. Ca1·diurn pauperculnm, :Meek (new species, see description); near Fort Bridger,
Wyoming. Cret. No. 2.
~1. Cardiurn Kansasensis, Meek (new species, see description); twelve southwest of
Salina, Kansas, Professor Mudge. Cret. No. 1.
22. Cardium. (Proiocanlia) salinens, Meek (new species, see description); twelve miles
southwest of Salina Kansas, Professor Mudge. Cret. No.1.
23. Cyrena (Corbicula ?) nucalis, Meek (new species, see description); twelve miles
southwest of Salina, Kansas, Professor Mudge. Cret. No.1.
24. Cyrena ( C01rbicula ?) subtrigonalis, Meek (new species, see description); twelve
miles sonthwest of Salina, Kansas, Professor Mudge. Cret. No. 1.
25. Mactra (?) Caiionensis, Meek (new species, see description.)
26. Tapes Wyomingensis, Meek (new species, see description); mouth Deer Creek, \Vyoming. Cret. No.4.
27. Tellina subscitula, Meek (new species, see description); twelve miles southwest
of Salina Kansas, Professor Mudge. Cret. No. 1.
28. Tellina (?) mactroides, Meek (new species, see description); twelve miles southwest
of Salina, Kansas, Professor Mudge. Cl'Ct. No. 1.
29. Leptosolen Conmdi, Meek (new species, see description); twelve miles southwest
of Salina, Kansas, Professor Mudge. Cret No. 1.
30. Anchura (?) (undetermineu species); Dodson's Ranch.
31. Turritella Martinezensis, Gabb (~); Coalville, Utah.
32. Tnrritella Kansaseu,sis, Meek (new species); twelve miles southwest of Salina, Kansas, Professor Mudge. Cret. No. 1.
3:~. Anisomyon centrale, Meek (new species); Valley of Fountain Creek and Box Elder
Creek, Colorado. Cret. No.4.
34. Pleurotomaria (?) (undetermined species); near Coalville, Utah.
35. TuTbo Muclgcanus, Meek (new species); twelve miles southwest of Salina, Kansas,
Professor Mudge. Cret. No.1.
36. Bacnlites compressus, Say; Fountain Creek, Colorado City. Cret. No.4.
37. Baculities ovatus, Say; :Fountain Creek, Colorado City, Miser Station, and Como.
Cret. No.4.
38. Scaphites (Discoscaphites) Conmdi, Morton6 ; Fountain Creek, Colorado City. Cret.
No.5.
39. Scaphites (Discoscaphites) Cheyennensis, Owen; Fountain Creek, Colorado City.
Cret. No.5.
40. Scaphites noclosus, Owen; Fountain Creek, Colorado. Cret. No.4.
41. Scaphites Warrenanus, M. and H.; Medicine Bow River. Cret. No.2.
42. Amrnonites (undetermined, not a typical ammonite.) Fountain Creek, Colorado.
5. This is a rather large, longitudinally oblong or depressed suboval, very gibbous, equival >e species,
with a long, straight binge line, and with posterior side long and subtruncated or more or less obliquely
rounded. Its beaks arc equal, very gibbous, oblique, depressed, and almost terminal, while its internal
casts only show more or less irregular, sometimes obscure, concentric undulations. It seems to be distinct from all of tho previously known far-western species, and if new may be called I.. oblongus.
6. This is the type of a group of Scaphitcs, for which I have proposed (Proccd. Am. Phil., Soc., xi, p.
42!J) the name Discoscaphites, compared with the typical species of Parkinson's genus, such asS. cequalis,
Sowerby, these shells arc seen to differ in having the characteristic extension of the body volutions so
very sliglltly developed that they have often been referred to the genus Arnmonites. They also differ
in having tho peripheny, especially in the adult, more or less :flattened, and tho siues of the volutions
occupied by numerons small nodes, arranged in regular revolving rows. Tho group include:; two sections, tho first of which (represented by S. Conradi) has the volutions so broad and uceply enYeloping
as to leayo only avery small umbilicus, while the second (represented by S. LDisco.] Oheyennensis, Owen,
and Ammonites [Disco.] Mg,ndanensis, Morton) has a wider umbilicus, with the body volution very narrow and but little envclopfi!g.
7. This may he regarded as the type of a group of Ammonites, for which I proposed (Proc. Philos.
Soc., xi, p. 42!J) the name Plctcentocerus. Compared with Ammonites bisulcatu.s, :Uruguiere (which it
seems to me shonld be rrgardccl as the t_ype of that genus, because it was long back citeLl alone as the
t;vpical form by Lamarck) This shell will be observed to differ remarkably in several respects, partwul:lrly in its broad, profoundly.cnyeloping volutions_, with :flattened non.costate sides, and Ycry nar-
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43. Ammonites (Placentocerus)placenta, DeKay7 ; Fountain Creek, Colorado City. Cret.
No.4.
44 . .An~monites (Pleuroceras?) sermto-carinatus, Meek 8; Medicine Bow Creek, 2.
TERTIAltY SPECIES.

1. Unio 1Jriscus, M. and H.9; Limestone Hill, Bear River City, and Parley's Park,
Utah, Gilmore, Wyoming. Eocene.
2. Unio Washakeei, Meek (new species, description at end of list); Wasbakee, Henry's
Fork, Green River, and on the latter stream, Wyoming. Eocene.
3. U11io Haydeni, Meek; between Grand and Green Rivers, Fort Bridger.
4. Unio tellinoides, Hall(~) (sp.) 10 ; Barrel Springs, Muddy Creek, ·wyoming.
5. Unio Leanus, Meek (new species, see end of list); Church Buttes, Henry's Fork,
Barrel Springs, and other localities in Wyoming. Miocene.
6. Unio (Diploclon ?) belliplicatus, Meek; Parley's Park, Utah; Gilmore, Wyoming.
Eocene.
7. Corbicula ( Veloritina) Durkeei, Meek; Bear River City, Parley's Park, Utah, and
Gilmore, ·wyoming. Eocene.
8. Cyrena ( Cm·bicula ?) fmcta, Meek (new species, see description); Hallville coal
mines. Eocene.
9. Cyrena ( Corbi.Jula ?) crassatellifm·mis, Meek (new species); Hallville coal mines.
Eocene.
10. Sphcerimn (undetermined, perhaps 2 species); Elkton, Central Pacific railroad,
beyond Salt Lake. Miocene.
11. Sphmrium (undetermined species); Barrel Springs, Wyoming. Miocene.
12. Corbula ( Anisorhynchus) py1·ijonnis, Meek; Parley's Park, Limestone Hill, and
Bear River City, Utah; Gilmore, Wyoming. Eocene.
Corbnla ( .Anisorhynchus) pyriformis var. consentrica, Meek.
13. Corbula (Anisorhynclms) Engelmanni, Meek; Limestone Hill and Sulphur Creek,
Utah. Eocene.
14. Goniobasis Simpsoni, Meek; Fort Bridger, divide between Muddy and Black Forks.
Miocene.
15. Goniobasis tenera, HalH (sp.)u; Barrel Springs, Wyoming. Miocene.
rowly..trnncated and flattened, or slightly. concave periphery, small umbilicus, &c.; also in the much
more numerous lateral lobes of its septa, which increase in size to the third one inclusive, and thence become gradually anu regularly smaller to the umbilicus. It probably includes several cretaceous species.
In the same way, .Ammoniteslobatus of Tuomey may be regardeu as the typo of another group, difl'cring from Placentoce1·us in having the }Jeriphery sharply cuneate aU around, and the sinuses or saddles
between its numerous lateral lobes (which agree in nnmber and proportional size with those in Placentocerus), presenting very curious obtusely-lobed or uniform outlines. For this typo I woultl propose the
name Sphcnodiscus, in allusion to its sbarply . cup.eate periphery.
8. This is not a true Ammonite, according to the latest classifications of this group of Cephalopoda, but
it is more nearly allic(l to some of the forms included by Mr. llyatt in his group Plw·oceras. Indeed, <lltbough unquestionably a cretaceous species, I cannot see bow it can be properly placed in a distinct group
from tho middle liassic species A.. spinatus, BrnO'., which Mr. llyatt includes in Pluroceras, since it
seems only to differ specifically from that form in having its keel more prominent, and another series of
obscure nodes on the costro at their innm· ends, with a few smaller intermeuiate costm, generally without nodes, between the larger nodiferous ones. If, however, there is anything in tho development of
these shells that wouhl place them in different groups, tho cretaceous group, including the form under
consideration, might be appropriately termed Prionocyclus, and would include A.. perca1·inatus, H. antl M.,
and .A. TV ooloari, of the English gray chalk.
9. I am led to think, from the comparison of more extensive collections that have come in since I proposed the name Unio vetustus for one of the Utah forms, that it is only a more tleprcssctl variety of U.
priscus, M. and ll.
10. It is with considerable doubt that I refer this shell to U. tellinoides (=JJ[.'I}a tellinoides, llall, in Fremont's Report., Pl. III, figs. 1 and 2), the mature specimens being generally three or four times as large
as that represented by Prof. Hall's larger figure, and proportionaUy less depressed, with the posterior
margin more broadly rounded or subtruncateu. Still, by following the lines of growth, it may be seen
that when the shell had only attained the same size as that figured by Prof. llall, it must have pre.
sented a very similar outline. None of them, however, seem to have the beaks so ucarly centraL or
quite so elevated, as represented by his Figure 2, which may have been drawn from a distinct species
from that represented by Fi(l'ure 1.
Our specimens are O"enerally rather thin, somewhat compressed, longitudinally oYate in form, with
oue rather oblique car'clinal tooth in the right valve, and one or two smaller ones in the left. The lateral teeth are long, a little arched, and consist of one in the right and two in the left valve. The surface only shows lines of growth, and some traces of a few very small longitudinal wrinkles near the immediate points of t.he beaks, which are rather depressed, and placed about one-third the length of tho
yal>es from the anterior encl. Should this form be found to be distinct from that named by Prof. IIall,
it may be callcu U. subcompressus.
It may be proper to remark here, that nearly or quite all of the shells figured by Prof. Hall, on Pl.
III of :Fremont's Report, although there referred to marine genera, are really, as suspected by him,
fresh-water types.
n This is probably the Cerithium tenerum, Hall (see Fremont's Report), and is a true Goniobasis. In a
genus like this, however, containing so many closely-allied species, it is scarcely possible to identify,
with confidence, a form only known from a three or four-line description and figures of imperfect specimens. At one time I bad supposed the species, for which I have here proposed the name G. cln·ysali.s,
to be the tenera. But specimens of the form I have above referred doubtfully to that species, haYing
been brought in from that region among the later collections, I find, on comparison, that they agree more
nearly in most respects with the fi&-ures and description of the species tenera; while, at the same time,
:tht:Y are clear~_Y distinct from that~ )lacl at first _suyposed tp be the tenera_, and hold fli much higher pcsi-
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16. Goniobasis nodulifera, Meek, 12 ; Barrel Springs, . Wyoming. Miocene.
17. Goniobasis Cm·teri, Conrad; Barrel Springs, ·wyoming. Miocene.
115. Goniobasis chrysalis, Meek; Sulphur Creek and Bear River, Utah. Eocene.
19. Goniobasis Si'rnpsoni, Meek; Fort Bridger, Wyoming.
20. Pyrgulifera humerosa, Meek; Sulphur Creek, Bear River City, and Parley's Park,
Utah, and Gilmore, Wyoming. Eocene.
21. Viviparus paludinwj01·mis, Hall~ (sp.) 13, Henry's Fork, and Greeu River, Arctic
Springs, &c., Wyoming. Eocene.
2'2. Vivipants Conmdi, M. and H.; Sulphur Creek, on Bear River, Utah. Eocene.
23. Vivipams? Wyomingenis, Meek, (new species, see description); Henry's and Black's
Forks, and Church Buttes. Miocene.
24. Melantlw ( Carnpeloma) maorospira, Meek (new species); Sulphur Creek, Bear River
City, and Parley's Park, Utah. Eocene.
25. Physa (one or two undetermined species); Church Buttes, Utah. Miocene.
26. Planorbis speotabilis, Meek; Henry's Fork. Miocene.
27. Planorbis (undetermined species); Church Buttes. Miocene.
28. Rhytoph01·us priscus, Meek; Sulphur Creek, Utah. Eocene.
29. Bythinella? gregm·ia, Meek (new species, see description); Pacific Springs,
Wyoming. Miocene.
30. Cypris, (undetermineu species); Fort Bridger and Pacific Springs. Miocene.

DESCRIPTIONS OF NEW SPECIES AND GENERA.*
Carbonifermts species.
EDMONDIA ASPENWALLEN SIS, (MEEK.)

Shell ovate, moderately convex; anterior side short and subtruncated,
or more or less rounded; posterior margin rounded ; pallial margin
forming a semiovate curve, being more abruptly rounded up anteriorly
than behind ; cardinal border rather short, and rounding into the posterior outline; beaks moderately. prominent, oblique, only about onefourth to one-fifth the length of the valves from the anterior margin.
Surface marked with more or less regular and distinct concentric ridges
and strire.
Length, 1.40 inches; height, 1.04 inches; convexity, about 0. 70 inch.
It may possibly have been a variety of this species that was figured
by Professor Geinitz under the name Astarte gibbosa (J\IcOoy), in his
"Carbonformation und Dyas in Nebraska" (Pl. I, Fig. 23), as we know it
to occur at the same locality from which his specimen was obta.ined.
His figure, however, would seem to represent a more rounded or shorter
and less depressed shell, with a broader posterior outline and more gibbous beaks. At any rate, the shell under consideration is very distinct
from that named by Professor McCoy, a.nd is certainly not an Astarte,
as its internal casts show no indications of the hinge characters of that
genus, but on the contrary, impressions apparently like those left by the
tion iu the series. Those specimens are also extremely abundant, while those of G. chrysalis are rare,
and hence it is more probable that the former is the species named in Fremont's Report.
It is worthy of note, that the very abundant shell, here referred doubtfully to Professor Hall's species,
is exceedingly variable in its ornamentation, some specimens having the vertical costm rather strongly
developed on all tho volutions, while others have them only on the upper ones ; and on still others they
arc nc•arly or quite wanting on all the volutions so as to leave only the finer revolving lines, and yet we
see all gradations between these extremes.
12 This is the form figured and described in Fremont's Report under the name Ce-rithium naduloswn .
.A.s it is a true Goniobasis, however, and Doctor Lea bad previously described a species of that genus
under tho name nodulosa, it is necessary to propose a new name for the Utah species.
13 It is not possible, from the published figure and description of the species called Tw·bo paludin1Pjo1. .
mis, iu Fremont's Report, to decide, with confidence which one of several species of Vivi~.xrus and
Melantha, now known from the tertiary fresh-water deposjts of the Green River country, that name
was originally proposed for. From the na,turo of the m:ttrix, however, and its associ:ttion with tho
species described under tho name Cerithittm nodttlosum, it is much more probable that tl1e shell I ha,w1
hero referred doubtfully to Viviparus paludinjarmmis, is really the form originally JescribeJ as Turu()
paludin!Pjormis, than the less-abundant species of Melantha, from the Bear beds, composed of a <lifl'erent
material.

* Drawings of these fossils are in course of preparation, to be published along with
full descriptions in fin;l.l re~ort.
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cartilage processes, in the casts of Ed1nondia, though I am not quite
sure that it belongs properly to the latter genus. It is a rather thin
shell, that leaves impressions of the concentric ridges rather distinct on
internal casts, where very faint traces of radiating lines are also sometimes seen. Its muscular and pallial impressions are obscure, and not
well known.
Locality and position. This shell has a very wide distribution in the
coal measures of this country, through nearly the entire thickness of which
it ranges. The typical specimen was found in the upper part of the coal
measures atAspenwall, on the Missouri River, in Southeastern N e!Jraslm.
It also occurs at nearly all the other outcrops along the Missouri in that
region, as well as in the upper and lower part of the coal measures of
Illinois ; likewise in the lower part of the seres in vV est Virginia, and
apparently at Box Elder Calion, on the North Platte, Wyoming. The
specimens from the latter locality, however, are shorter and more gibbous, and agree more nearly with Professor Geinitz's figure.
Cretaceous forms.
GENUS

CRASSATELLINA,

(MEEK.)

Shell subtrapezoidal, equivalve, inequilateral, with the margins closed
and smooth within. Hinge with two cardial teeth and one elongated
anterior and posterior lateral tooth in each valve. Anterior cardinal
tooth of left valve trigonal and deeply emarginate below; posterior very
oblique, and separated from the other by an oblique pit divided longitudinally by a thin lamina. Cardinal teeth of right valve diverging,
with a triangular pit between for the reception of the triangular cardinal tooth of the other valve; anterior one small, and connected with the
anterior lateral tooth; posterior one larger, oblique, and divided longitudinally by a deep slit for the reception of the lamina in the corresponding pit of the other valve. Ligament external (?) Muscular impressions shallow. Pallial line simple (?) Surface without radiating
markings.
The typical and only known species of this genus has very much the
external aspect of a Orassatclla, from which, however, it is widely removed, generically, by its hinge characters, though probably belonging
to the same family. Its muscular impressions are very faintly marked,
as is also the case with its pallial line, which I have not been able to
trace along its entire length, though enough of it can be seen to leaye
little, if any, room for doubting that it is simple. Its lateral teeth are
elongated parallel to the cardinal margin 1 the posterior being rather
remote from the cardinal, while the anterior one in the right valYe connects at its posterior end with the small anterior cardinal, and in the
left extends back to the small pit for the reception of this anterior cardinal tooth of the right valve, just in front of the larger, trigonal cardinal
tooth of the left valve. The anterior lateral tooth of the right valve seems
to fit under that of the left, and the posterior one of the right over tllat
of the left, though I am not positively sure of this. Tile cardinal teeth
are very peculiar, those of the right being rather widely diverging, with
the very oblique posterior and larger one so deeply divided longitudinally by a very narrow slit, that it may possibly sometimes rather present the character of two teeth, though the posterior half seems scarcely
prominent enough to be considered a distinct tooth. The principal or
anterior trigonal cardinal tooth of the left valve, which fits between the
two diverging ones of the right, is somet2mes so deeply emarginate be-
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low that it might almost be described as A -shaped, while th~ posterior
cardinal of this valve is directed ver,y obliquely backward and downward, and compressed. The thin lamina dividing longitudinally the pit
between this oblique tooth and the trigonal, emarginate one, is another
peculiar feature.
CR.A.SSATELLINA OBLONGA, (:nTEEK. )

B

~
-----·---/
.A. shows hinge and interior of right valve ; B hinge and interior of left valve; both
2 cliam.

Shell small, short oblong-subtrapezoidal in outline, less than twice
as long as high; valves rather distinctly convex, with flattened sides;
anterior margin rounded; pallial margin nearly straight, or sometimes
slightly sinuous along the middle ; posterior oblquely truncated above
and narrowly rounded below; dorsal outline sloping rather abruptly in
front of the beaks and less distinctly so behind; beaks moderately
prominent, and placed a litUe in advance of the middle; posterior urnbona! slopes prominently rounded from the beaks to posterior basal extremity ; posterior dorsal region above the urn bonal prominences flattened ; flanks sometimes a little concave toward the pallial margin.
Surface with rather distinct lines of growth.
Length, 0.73 ineh; height, 0.32 inch; convexity, 0.30 inch.
Specifically, this shell is more nearly like the form I have described
from t,b e cretaceous near Canon City, under the name llfactra ? Oailonensis, than it is like any other form with which I am acquainted ;
though it differs too widely to be confounded with that shell, even where
the binge could not be seen. They both have so much the appearance of
the genus Orassatella, externally, that few would hesitate to refer them
to that genus where their external characters only could be examined.
Locality and position: Twelve miles southwest of Salina, Saline
County, Kansas; Dakota Group of the Upper Missouri cretaceous
series. Collected by Professor B. F. Mudge.
P.A.CHYMYA ~ TRUNC.A.T.A. (MEEK.)

Shell small, longitudinally oblong, very convex; posterior side long,
distinctly and rectangularly truncated, apparently closed ; pallial margin nearly straight, and slightly sinuous aJ.ong its entire length ;
anterior margin truncated a little obliquely forward from the beaks to
the rather prominent and abruptly-rounded, or subangularly-anterior
basal extremity ; cardinal margin nearly straight and parallel to the
base ; beaks depressed nearly to the horizon of the dorsal margin, very
oblique, somewhat compressed, and placed less than one-fifth the length
of the vah·es behind the anterior extremity; posterior umbonal slopes
quite prominent or subangular, and continued obliquely to the posterior
basal angle, so as to divide the surface of each valve into two nearly
equal, elongated, inequilateral triangles, the lower of which forms the
concave flanks; anterior muscular scar small, but very deep; posterior
ditto, larger, shallow, suboval; pallial line not distinctly seen, but
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apparently with a small sinus. Surface with rather coarse, irregular
marks of growth.
Length, 1.15 inches; height, 0.55 inch; convexity, 0.58 inch.
This shell is much smaller than the typical species of Sowerby's genus
Pachyrnya, which it resembles in general habit and in the thickness of
its valves. Its ligament seems to have been short and rather deeply
inserted behind and between the beaks. I have not set>;n the hinge,
but judging from internal casts it would seem to be edentulous. Its
peculiar oblong form and squarely-truncated posterior margin give it
somewhat the aspect of a Saxicctva, or a miniature Panopccct, but it
differs from these genera, in having thicker valves, and nearly or quite
closed margins. I am not sure that it belongs properly to the genus
Pachymyct,. though it must be nearly related to that genus, which seems
rather to belong to the JJfytilidcc than to be nearly allied to Pholadomya,
or Panopcca, with which some have associated it.
Specifically, the shell under consideration will be readily distinguished
from all of our other known cretaceous forms by its peculiar oblong,
truncated form and prominent umbonal slopes, concave flanks, &c. The
only other form known to me that approaches it in these characters is
Mr. Gabb's Remondiaf~trcata, which is a much larger shell, with more
regular undulations, a more prominent base in front of the middle, a
less narrowly-rounded anterior basal extremi~y, and a more obliquelytruncated posterior margin. Our shell also seems not to have the hinge
characters of Remondia.
Locality and position: The specimen was given to Dr. Hayden at the
Salt Lake, and was found in that region, but he could not ascertain
the precise locality. It is almost certainly a cretaceous species.
INOCERAMUS ALTUS. (MEEK.)

Shell attaining a medium size, vertically, or a little obliquely, subovate,
being in the adult higher than long, and widening from the hinge downward; moderately convex; equivalve, very in equilateral; hinge very
short and ranging nearly at right angles to the longer axis in the adult,
but a little more oblique in young shells; anterior side straight, long,
and truncated vertically or nearly at right angles to the hinge, immediately in front of the beaks; base regularJy rounded; posterior outline
forming a broad, somewhat oblique, gentle curve from the posterior
end of the hinge into the base; beaks nearly or quite equal, rising
little above the hinge line, pointed, obliquely incurved, and placed
immediately over the anterior margin. Surface of cast showing more
or less regular, rather obscure concentric undulations, and faint traces of
radiating markings, the latter probably not being defined on the exterior.
Height, about 6.50 inches; length, about 4.90 inches; convexity, 2.70
inches; length of hinge, about 2.40 inches.
This species belongs to the section of the genus that includes pernalike forms ; that is, shells with their vertical diameter greater than their
atero-posterior, and with a short hinge ranging nearly at right angles
to the longer (vertical) axis of the valves, terminal or anterior beaks, etc.
It differs, however, decidedly from all of the described species of that
type with which I am acquainted, in being almost exactly equivalve, with
its beaks also very nearly if not quite equal. In size and general
appearance it reminds one of I. nobilis, Munster, as figured in Goldfuss'
Petref. Germ., Pl. CIX, Fig. 4 and 4a ; but it differs from that species,
not only in its equal beaks, but in having its truncated anterior side
straight instead of concave in outline, and its surface undulated instead
of merely striated.
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Locality and position: Near Medicine Bow Station, Union Pacific
Railroad; Fort Pierre Group of the Upper .1\iissiouri cretaceous section.
UNIO (BAPHIA~) NEBRASCEN~IS. (MEEK.)

Shell attaining a medium or larger size, cuneate-subovate, being in
the adult very gibbous anteriorly and cuneate behind; anterior side
very short and rounded; posterior sloping above obliqwely from the end
of the hinge to the posterior basal extremity, which is narrowly rounded;
basal border sinuous behind the middle, and convex in front of it; cardinal margin rather short and nearly straight or slightl;y arched ; umbones very gibbous, but depressed., oblique, incurved, and placed near
the anterior extremity; posterior umbonal slopes subangular from the
beaks obliquely backward and downward to near the middle, beyond
which they are continued as broadly-rounded. ridges to the posterior basal
extremity; below and parallel to these ridges there are also, on the flanks,
one or two large, oblique, irregular, rounded plications or undulations,
that continue on to the sinuous posterior basal margin, to which they
sometimes impart a distorted or waved appearance. Surface otherwise
smooth, excepting moderately-distinct lines of growth, which are strongly
undulated in places, as they cross the oblique plications of the flanks.
Length, 4.10 inches; height, 2.36 inches; convexity, 2.07 inches.
Specimens of this large shell were brought by Dr. Hayden from N ebraska, some years back, but I have delayed describing it, with the hope
that other specimens would be found. that might show the nature of the
hinge. It has so much the external aspect of the Unioniclm as strongly
to impress one with the belief that it belongs to the genus Unio, as understood in its wider signification. It certainly has an external ligament
exactly as we see in that genus; while one of the casts shows the impression of a single compressed, oblique cardinal tooth in the right
valve just over the scar of the anterior adductor, and near the margin.
The anterior adductor scar is rather deep and also near the margin. I
have not, however, seen the small scar placed just behind that of the
anterior adductor of Unio, in the internal casts of this shell. So far as
can be made out from the casts, there would seem to have been no lateral
teeth, but the specimens are not in a condition to warrant a posith~e
opinion on this point; nor do they show the nature of the pallial line.
Locality and position: Dakota Group, or No. 1, of the Upper .1\Iissouri cretaceous, opposite Sioux City, on the Missouri, in Dakota County,
Nebraska, where it occurs associated with Cyrena arenaria.
ARCA~ PARALLELA. (MEEK.)

Shell sma1l, longitudinally oblong, being about twice and a half as
long as high, moderately convex; cardinal and pallial margins straight
and nearly parallel; anterior side short and rounding up regularly from
below and intersecting the cardinal margin at an obtuse angle above;
posterior side long, a little wider than the other, with its margin compressed and obliquely truncated above, but rounded below; beaks depressed, somewhat flattened, incurved, not very remote, and placed
about one-fifth the length of the valves from the anterior margin; cardinal area very narrow, and apparently smooth; muscular and pallial
impressions very obscure; hinge with denticles longest posteriorly, where
they are directed upward and backward at an angle of about forty-fiye
degrees to the cardinal margin; from the posterior side they diminish
rather rapidly in size and length forward, so that they become,yery
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minute and crowded between the beaks, which is as far forward as they
have been traced in the specimens examined. Surface showing very
fine, crowded, radiating strire, with stronger marks of growth.
Length, 0.95 inch; height, 0.37 inch; convexity, 0.27 inch.
This is not a typical Area, if we follow conchologists in viewing A.
Nom as the type of the genus, because it wants the broad, divaricatelyfurrowed cardinal area, and is not gaping in the anterior ventral region.
Its hinge dentic~s are also more oblique and longer posteriorly, more
like those of Scaphula,. In form and general appearance it is very much
like some species of Macrodon, but its hinge characters are widely different. I know of no established section of the old genus Area into
which it could be properly placed, and if it is thought desirable to have
a section for such forms, they might be separated under the name
Arcina.
.Locality and position: Twelve miles southwest of Salina, Saline
County, Kansas; Dakota Group of the Upper Missouri cretaceous series.
Professor B. F. Mudge.
YOLDIA MICRODONT A, (:l\IEEK.)

Shell small, longitudinally subovate, rather compressed ; anterior
margin more or less narrowly rounded, being generally more prominent above the middle ; pallial margin forming a semiovate curve,
being more prominent before than behind the middle, and curving up
gradually and obliquely at both ends; posterior side compressed, and
with it~ margin narrowly rounded, or almost subangular at its connection with the hinge above; cardinal margin sloping gradually from
the beaks, the posterior slope being very slightly concave in outline,
and the anterior nearly straight ; beaks rather depressed and placed
a little in advance of the middle; hinge line equaling about threefourths the entire length, and provided with very fine, regular, pointed
denticles, of which twenty-six may be counted behind and twenty before the beaks, in each valve. Muscular and pallial impressions very
obscure, and not visible on internal casts. Surface not well known.
Length, 0.50 inch; height, 0.28 inch; convexity, 0.14 inch.
In general outline, and the nearly central positions of its beaks, this
shell bears some relation to Yoldia bisulcata, M. and W., from the Fox
Hills Group of the Upper Missouri cretaceous, but it is a very decidedly
more compress,ed species; and, judging from impressions left in the matrix, it was evidently less strongly striated. Indeed it seems to have
been nearly smooth, in which character, as well as in some other re.3pects, it is probably more nearly related to Y. Evansi, :J\1:. and W., from
which it differs in being proportionally shorter, higher, and more compressed. ,A:mong European species, it is represented by such forms as
Yoldia scapha (N~tcula scapluJJ, d'Orbigny, Palreont., Francaise, t. iii, Pl.
301, Fig. 1-3), from which it also differs in being more compressed, with
the posterior side wider, and the posterior dorsal slope distinctly less
concave in outline.
Locality and position : Twelve miles southwest of Salina, Kansas, from
a brown sandstone of the age of the Dakota Group of the Upper MissoUFi cretaceous. Discovered by Professor Mudge, of the Kansas .Agricultural College.
CORBICULA ~ NUCALIS, (MEEK.)

Shell small, trigonoid-subcircular, moderately gibbous, the greatest
conyexity being above the middle; pallial margin forming a semi-elliptic
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curve; posterior margin subtrnncf!ted or rounded; anterior margin
rather more narrowly rounded; dorsal outline sloping rather abruptly
and nearly equally, with slight convexity in frout and rear of beaks, the
anterior slope being somewhat more abrupt than the other; beaks nearly
or quite central, curved inward and slightly forward; posterior dorsal
surfaces a little flattened; post-umbonal slopes somewhat prominent, or
sometimes almost subangular in interunl casts; muscular impressions
shallow and oval; pallial line with a small obtuse sinus. External surface unknown ; surface of internal casts smooth.
Length, 0.47 inch; height, 0.42 inch; convexity, 0.26 inch.
Impressions of the hinge of tbis little shell, left in tbc matrix, show
that it has elongated anterior antl posterior lateral teeth that are striated
transversely, as in Corbicula. In the left Yah-e there is one elongated
anterior, and one similar posterior lateral tooth, each of which fits into
a corresponding furrow in the margin of the other valve. Immediately
above this furrow, in the posterior and anterior margin of the right valve,
there is a smaller linear, striated lateral tooth, while the margin below
the furrow seems h:;trdly to project enough to be properly regarded as a
second anterior and posterior lateral tooth. The specimens of the impressions of the cardinal teeth are Hot so clearly seen, being mainly
hidden behind tlJe cast of tue umbones, iu the only specimen that I have
seen with this part of the hinge well presen-ecl. So far as they can be
made out, they seem to be much as in the existing species of Corbicula,
excepting that the anterior cardinal tooth of the left valve is directed
almost horizontally forward instead of obliquely fonvard and dO\vnward;
it is also much compressed from above and below, and very prominent,
and curved upward. The corresponding tooth of the other valYe i8
much smaller and o\-erlaps that of tlle right vahTe. Behiud this prominent anterior cardinal tooth of tlw left. valve, I hink I have seen two
other diverging and emarginate cardinal teeth, with pits for two corn~s
rwnding diverging teeth in the right valve. The number and arrangement of the teeth of the hinge would, therefore, if correctly understood
in the specimen, seem to be almost exactly as in Corbicula, with the
exception of the lwrizontal direction of the anterior cardinal teeth, and
the prominence of that of the left valve.
It is quite possible, however, that if we had specimens showing more
clearly the cardinal teeth, we might find differences enough to warrant
the establisll.rnent of a distinct section, allied to Corbicula.
Locality and position: 'l'welve miles southwest of Salina, Kansas;
Dakota Group of the Upper Missouri cretaceous series. Professor
Mudge.
CORBICULA ~ SUBTRIGONALIS, (:1\1EEK.)

Shell oval-subtrigonal, about one-fourth longer tban wide, rather
gibbous, the greatest convexity being above the middle; basal outline
forming a semi-elliptic curve; extremities rather narrowly and very
nearl,y equally rounded; beaks somewhat depressed and very nearly
central; dorsal outline sloping before and behind the ueaks, the latter
slope being convex and the former nearly straight. Surface only showing five lines of growth. Pallial line with a small, oLtusely-subangular
sinus.
·
Length, 1.16 inches; height, 0.!)0 inch; convexity, about O.GG inch.
The only cast of the hinge of this species I have seen, is that of a left
valve. It shows the impressions of the same elongated and striated
lateral teetll seen in the last. The canliual teeth, however, seem to
have unfortunately been much injured by maceration or erosion, before
20 G
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they left their imprint in the matrix. It shows the mold of a prominent triangular anterior cardinal tooth in front, apparently like that of
the last, and behind this there are remains of two prominences, that
look like they migllt be casts of two somewhat diverging cardinal teeth
in the right -valve, with impressions for two other card.iual teeth iu the
left; hence, so far as can be made out, the teeth of the hinge seem to
agree with those of the last-described. species. Specifically, ho\rever,
this form differs from t,h e last in its more depressed and transYcrse outline, as well as in having its lateral extremities more nearly equal and
more narrowly rounded; the posterior margin not being truncated at:!
in the last.
Locality and position: Same as last. Collected by Professor Mudge.
CARDIUM PAUPERCULUM, (MEEK.)

Shell small, very thin, rather compressed, subovate or subcircular;
beaks moderately prominent and nearly central; surface ornamented
by about thirty regular, simple, distinctly defined, ·radiating costoo,
which about equal the intermediate furrows, and (owing to the thinness
of the -valves) are well-defined internaUy, and thus impart a plicated or
crenated character to the margins; crossing these are numerous very
regular, well-defined, delicate marks of growth, that arc usually less
distinct on the posterior third, but give a neatly crenulated appearance
to the cost::e farther forward.
The specimens yet seen of this little shell are rarely more than about
0.50 inch in diameter, and are all more or less flattened or otherwise
distorted. Sometimes they are distorted by antero-posterior pressure,
so as to present somewhat the appearance aud outline of a Lima, being
l1igber than wide, and more or less oblique; while in other examples
they are distorted by vertical pressure, so as to present little or no
obliquity, and to show a greater antero-posterior diameter t-han height.
I haYe not seen the hinge, but some impressions in the matrix show
that it has anterior and posterior lateral teeth like those of Oa.r dium;
it, ho\vever, does not belong properly to the typical section of that genus.
Locality and position: Fort Benton Group, or No. 2 of the Upper
Missouri cretaceous series, at the Oil Springs, twenty miles west of Fort
Bridger, Wyoming Territory.
CARDIUM (PROTOCARDIA) SALINAENSE, (MEEK.)

Shell small, orbicular-snbtrigonal, slightly longer than high, rather
gibbous; pallial margin forming a semicircular curve; anterior margin
rounded, most prominent at or a little above the middle, where it is
sometimes inclined to be rather narrowly rounded, while belcrw this it
curves off obliquely into the base; posterior margin broader than the
anterior, and faintly subtruncated, or broadly rounded; beaks moderately prominent, convex, and. incurved, located slightly in advance of
the middle; dorsal outline sloping more abruptly in front than behind
the beak's; surface ornamented on the sides and front by comparatively
rather large, rounded, very regular, concentric costre, separated by
sma1ler .furrows, and on the posterior side by sixteen to twenty-two
smaller radiating cost::e, that are provided with very regularly-disposed,
little, vaulted, scaJe-like prominences, formed by undulating marks of
growth.
Height, 0.66 inch; length, 0.68 inch; convexity, about 0.49 irich.
This little shell is allied to 0. percgrinosum., d'Orbigny, and 0. Hilla-
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mum, Sowerby. It is mucil smaller than the latter, however, and has a
<liff<>rent outline, not being near so truncated behind, nor so regularly
rounded in front.. Its concentric costre are likewise proportionally much
larger and less numerous, while the radiating ribs on its posterior siue
differ in being provided with the numerous little projections mentioned
in the description. In the latter character it agrees more nearly with
0. peregr-inosum., d'Orbigny. It also differs from the latter, however, in
having its concentric costre proportionally much larger and less numerous, and the radiating ones straighter and occupying a larger area of
the Yalves, wbile the anterior margin is less broadly and regularly
rounded in outline.
Locality and position: Twelve miles southwest of Salina, Saline
County, Kansas; Dakota Group of cretaceous. Professor Mudge, collector.
C.A.RDIU:n! K.A.NS.A.SENSE, (MEEK.)

Shell rather small, oval-suborbicular, being generally slightly higher
than the antero-posterior diameter, and rather gibbons, with the greatest
convexity usually above the middle; pallial margin rounded, or subsemicircular in outline, being in most cases more prominent behind the
middle; anterior margin more or less regularly rounded; posterior outline rounded, or very faintly subtruncated; dorsal outline sloping
abruptly from tile beaks before and behind; beaks elevated, gibbous,
incun'ed, and subcentral, or a little in ad,Tance of the middlP, and hut
slightly oblique; posterior dorsal slopes somewhat flattened; surface
marked by numerous regular, simple, radiating strire, or small costre,
that are sometimes interrupted by marks of growth. Hinge strong,
with cardinal and anterior lateral teeth stout; posterior lateral remote
and less prominent. Anterior muRcnlar scar rather deep; posterior
shallow. Scar of petlalmuscle (~) small, very deep, and situated ou the
inner anterior side, and near the points of the beaks, almost opposite
the cardinal teeth.
Length, O.U4 inch; height, 1 incil; convexity, about 0.63 inch.
This and the last-described snecies are tile two most. common shells
found at the locality wllere tll<:>y were obtained, au<l being, like the other
fossils with which they are associated, found in the condition of casts,
not always showing even traces of the surface markings, it is sometimes
difficult to distinguish them. Where any remains of the surface markings can be seen, howeYer, they can be at once distinguished by the concentric costre on the sides and front of the former, and the radiating
costro on the corresponding parts of that under consideration. The
latter seems also to have generally attained a some\vilat larger size.
The inner margins of l>Oth appear, from the casts, to be generally nearly
smooth, though some of the casts of the form under cousideration show
faint traces of what seem to Ilave been crenulations, near the middle of
the base. I at first thought the peculiar projecting point left by what
I haYe supposed might be the scar of the pedal muclPs, near the point
of each heak of internal casts, might rlistinguish the form under consideration; but this is also seen on some of the casts of the other species,
which, likewise, has the hinge teeth very similar, so that tile only sure
means of distinguishing them seems to be the surface markings. These
markings are sometimes distinctly and sharply impressed in the matrix,
and by taking gntta-percha impressions from these molds, the nature
of the surfhce markings can be very clearly made out. No traces of
nodes, or projecting points of any kind, exist on the costm of this
species. In some respects it resembles 0. Cottaldinwn, d'Orbigny (Pal.
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Fr. III, Pl.l-4), from the Neocomian; but. it is rather more coarsely stri·
ate<l, and wants the posterior dorsal impres::;ion of that shell, from which
it also differs in being less evenly conYex.
Local'i ty and position : Same as last. Discovere(~ by Professor Mudge.
:Th'IACTRA ~ CANONENSIS, (MEEK.)

Shell small, very thin, transversely subovate, rather compressed or
moderately convex, with length about once and a half the height;
anterior side rounded; posterior side longer, narrower, and obliquely
snbtruncateu at the extremity; pallial margin forming nearly a semiovate curve, being most prominent anteriorly, straight or very slightly
sinuous behind the m.id<lle, and rounding up very abruptly to the lower
part of the truncated posterior margin; dorsal outliue nearly straight
and sloping to the truncated posterior, and. declining more abruptly in
front; beaks small, moderately prominent, and placed one-third tlw
length of the valves from the anterior margin; posterior umbonal
slopes rather prominent to the posterior basal extremity, while the sides
in front of this prominence are flattened, or mTen very slightly concave
below. Surface with rather regular but distinct lines and. furrows of
growth. l\'Iuscular impressions shallow; posterior ronnd-oval; anterior
narrower, with a slender prolongation above; pallial line with a shallow,
rather rounded sinus.
Leugth, 0.78 inch; height, 0.53 inch; convexity, 0.31 inch.
At the same time that I refer this species, 1or the present, to the
genus llfactra., I really <Jo not believe that it belongs properly to that
genus, as restricted by late authorities on conclwlogy. I merely place
it tlwre, however, because its hinge is unknown, and it presents some
characters indicating relations to that group. In form it i::; -very unlike
1J1actra, aud more nearly resembles Orassatella. Its tllinness and sinuous pallial line, however, at once forbid its reference to that group,
while the latter character, and especially a triangular fissure seen in the
hinge margin between the beaks, as in ll!actra ( Schizoilesma), indicate
relations to that genus. Its binge, however, 'vill probably be found
presenting characters that warrant its sepnration as a distinct genus,
judging from its general physiognomy.
Locality and position: Canon City.
GENUS

ARCOPAGELLA,

(:l\IEEK.)

Shell equivalve, more or less nearly equilateral, longer than high,
with margins closeu all around and smooth within. Hinge with two
cardinal, and mae anterior and one posterior lateral teeth in encb valve.
Left valve 'vith anterior cardinal tooth larger than the posterior and
trigonal in form, but sometimes rather <i<'eply emarginated below,
placed directly under the beak; posterior cardinal tooth small, slender,
and ranging obliquely backward and downward close to tbe larger one,
so as to leave only a slender pit between, corresponding to another on
the anterior side of the principal cardinal tooth, which two pits are for
the reception of the cardinal teeth of the right valve; anterior and
posterior lateral teeth both elongated parallel to the cardinal margin,
the former approaching more nearly to the cardinal teeth. Hight val\Te
with, under the apex, two diverging, slender car<liual teeth, like the
t>osterior one of the other valYe, with a triangular pit between them for
the reception of the principal car<linal tootll of the other valve; anterior one more oblique than the other, and nearly or quite connectiug
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with the lateral tooth on that side; lateral teeth like those of the left
valve; the anterior one apparently fitting under that of the other
valve, and the posterior above that of the other. .M uscular impressions
shallow; pallial impression with a moderate rounded sinus, directed
obliquely forward and upward. Ligament unknown, but believed to be
external. Surface without ornamentation.
After searching in vain to find some defined group under which I
could. range this shell, with a reasonable degree of probability of its
properly belonging to the same, I h~ve concluded to propose a new
genus for its reception. It seems to be related to Arcopagin, but differs
in having anterior and posterior lateral teeth in both vahes, as well a!-.)
in the form of the anterior cardinal tooth of the left valve and its
arrangement with relation to the other. At first I was inclined to think
it might find a place in Mr. Conrad's cretaceous genus TelUmera., but a
sketch of the hinge of his type received from him shows the latter to be
quite distinct, having a double anterior lateral tooth in the right valve,
and the cardinal teeth of the same consisting of one bifid very oblique
cardinal tooth, and. immediately behind this a minnte vertical second
cardinal. The hinge plate of his genus is also distinctly wider on the
anterior side than in the type under consideration.
It is somewhat remarkable that the hinge structure of the type of
this genus is, in most respects, very similar to that of the group for
which I have proposed the name Orassatellina, while the whole aspC'ct
of the two shells is so entirely different that I can scarcely doubt that
they really belong to two distinct families-Crassatellina probably
belonging to the Orassatelledm, and Arcopagella, apparently to the 'l'ellinidm. As closely as their hinges resemble, however, a critical comparison of the accompanying cuts will show them to present important dif.
ferences of details.
It is probable this genus will be found to include other tellinoid
cretaceous shells, the hinges of which are yet unknown .
.ARCOP.AGELL.A J\IACTROIDES, (J\IEEIL)

A

B

(?)--6::3
A, hinge and interior ofri~bt valve.
B, binge and interior of left valve ; both nat. size.

Shell longitudinally-subovate, width or height about two-thirds the
length, rather compressed or moderately eon vex; pallial margin forming
a regular semi-elliptic curve from end to end; anterior margin narrowly
rounded, with the most prominent part near the middle; posterior border more narrowly rounded than the anterior, particularly below, where
there seems to be the faintest possible tendency to form a flexure or
fold; beaks moderately prominent, located very nearly centrally; dorsal outline sloping almost equally before and behind the beaks, but with
the anterior slope slightly concave in ontliue above, and the posterior a
little conYex; muscular impressions faintly marked and rather narrow
subovate; pallial line with its rather shallow, broadly-rounded sinus directed very obliquely forward. and upward. Surface apparently with
only fine lives of growth.
Length of one of the larger specimens, 0.78 inch; height, 0.53 incb;
convexity, about 0.26 inch.
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This shell will be readily distinguished from the Tellinas of our cretaceous rocks by its shorter, s~ightly more convex, subtrigonal, or subovate nearly equilateral form, even where its hinge cannot be seen. In
some respects it looks externally like a compressed and depressed JJ!Iactra. I am unacquainted with any tertiary species with a similar hing1~.
Local·i ty and position: Twelve miles southwest of Salina, Saline
County, Kansas; Dakota Group of Upper Missouri cretaceous. Professor B. F. Mudge.
TELLIN.A. SUBSCITULA1 (MEEK.)

Shell small; elliptic-suboval, much compressed ; pallial margin forming a regular semi-elliptic curve; extremities narrowly rounded, the posterior being a little shorter, with a very obscure flexure, and more abruptly or narrowly rounded below; dorsal outline sloping gently in both
directions from the beaks, the posterior slope being a little con-vex in
outline, and the anterior nearly Rtraight; beaks depressed, compressed
and placed a little behind the middle; muscular impressions moderately
distinct, the posterior one being broader than the other; pallial sinus
very deep, nearly horizontal, and rather broadly rounded. Surface with
only fine lives of growth.
Length, 0.84 inch; height, 0.47 inch; convexity, about 0.15 inch.
This shell is much like Tellina scitula, l\1. and H., from the upper member of the Upper Missouri cretaceous series; but on comparison it is
found to be proportionally more depressed, while its pallial sinus is very
different, being much broader and more obtusely rounded at the end.
Impressions of its surface in the matrix also indicate less strongly-defined lines of growth. Casts show that it has no lateral teeth.
Locality and position: Same as last. Professor Mudge.
TAPES WYOMINGENSIS, (MEEK.)
~hell elongate-subelliptic in outline, much compressed; extremities
nearly equally rounded; pallial margin straight and nearly parallel to
the dorsal, but rounding up regularly at both ends ; dorsal side straight,
or very slightly convex in outline; beaks depressed nearly or quite to
the dorsal margin, and placed about one-fourth the length of the valves
from the anterior end; anterior muscular impression ovate, rather well
defined, and with its longer diameter ranging vertically ; pedal scar
distinct near the upper end of that of the anterior adductor; posterior
muscular impression very shallow ; pallial line with its sinus rather
deep, horizontal, and obtuse at the end. Surface with lines and some
small ridges of growth.
Length, 1.70 inches; height, 0.82 inch; convexity, about 0.28 inch.
The only specimens of this species yet obtained are mainly casts retaining some portions of the shell. They give very little idea of the
nature of the hinge beyond the fact that it seems to have three diverging
cardinal teeth, the exact form and arrangement of which cannot be
made out. The general expression of the shell, however, is very nearly
that of some European cretaceous forms that see.m to have essentially
the hinge characters of 1 apes, though they may not be exactly congeneric
with the recent species of that genus. Among the foreign species our
shell seems to be most nearly represented by Venus frag-ilis, d'OriJigny
(from the cretaceous of France), which is not a true Venus, but has been
referred by Mr. Zittel to the genus Tapes. (See Bivalven der Gosaug.,
N orcl Alpen.)
1
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Compared with d'Orbigny's figure and description of his V. fragiUs,
given in the Pah:eont. Francaise, our shell differs in beiug regularly
rounded instead of truncated posteriorly. It is also straighter on the
basal margin, and more broadly rounded in front. In some of these
clmracters it, agrees more nearly with Professor Zittel's figures, which I
suspect may represent a distinct species from that figured by d'Orbigny.
Still it difi'ers from Professor Zittell's figures, in haviug its anterior
margin more broadly rounde<l, an<l its pallial margin straighter in outline.
Locality and position: Mouth of Deer Creek, on North Platte, in
Wyoming Territory; Fox Hills Group of the Upper Missouri cretaceous
series.
LEPTOSOLEN CONRADI, (MEEK.)

Shell elongate-oblong, nearly three times as long as high, mo<lerately
convex; dorsal margin straight, pallial margin more or less nearly
straight, an<l subparallel to the dorsal, being a little convex in outline in
fi'ont of the middle, thence ascending obliquely forward to the narrowlyrounded anterior en<l; posterior margin truncated vertically, but
rounding abruptly into the dorsal and ventral borders above and below;
beaks not raise<l above the dorsal margin, and very inconspicuous, their
position only being indicated externally by the curves of the marks of
growth, located about one-third the length of the valves from the anterior end; surface only showing fine lines of growth.
Length, 1.04 inches; height, 0.36 inch; convexity, 0.28 inch.
Internal casts of this species show the impression of the strong
internal ridge, extending directly downward from the beaks, and gradually dying out below the middle of the valves. These casts also show
the impression of a single small tooth in the right valve, just in front of
the upper termination of the deep furrow left by the strong internal
ridge. From these characters it is 'evident that this genus is allied to
Siliqua, Mi.ihlfeldt (Lcguminaria., Schum.), but differs, as pointe<l out
by Mr. Conrad, in having but a single hinge tooth in the right \alye,
instead of three in each valve. It almost certainly includes Legumina.ria llf01·eana., d'Orbigny (Pal. France Ter. Cret., III, Pl. 350, Figs.
8, 9, 10), and L. Petersi, Reuss (Siliqna Petcrsi, Zittel, Bivalven der
Gos., Nordostlien Alpeu, taf. 1, Fig. 3), both of which, like J\1r. Conrad's
type, are cretaceous species.
Compared with l\fr. Conrad's typical species, L. biplicatc(; (Siliguaria.
biplicata, Con., Jour. Acacl. N. Sci., III, Pl. 34, Fig. 17), our shell is seen
not only to be much smaller and proportionally shorter, but to differ in
not having the two broad prominences radiating forward and downward
from the beak of each valve, as in that species, though it shows a single
very obscure, broad prominence extending directly downward under the
beaks, and widening as it descends. In front and behind this there is also,
in each valYe, a scarcely perceptible concavity. This broad prominence
also imparts a slight convexity to the outline of the base, just at the
point where the base in Mr. Conrad's species IS sinuous.
It is probably more nearly allied to Leptosolen Moreana, d'Orbigny
(sp.), already cited, but differs from d'Orbigny's figure in being decidedly
straighter on the dorsal margin, and wider, as well as more distinctly
truncated posteriorly. Compared with Lept. Petersi, Reuss (Sp.), as
figured by Professor Zittel, our species will be readily distinguished by
having its internal ridge at right angles to the dorsal margin, instead of
extending obliquely backwar<l and downward; also in having its dorsal
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margin straight from end to end, instead of declining for\vard from the
beal\.s.
Locality and position: Twel ,.e miles southwest of Salina, Kansas;
Dal\:ota Group of the cretaceous series of the Upper Missouri. Professor 1\iudge.
.A.NISO:i\IYON CENTRALE, (MEEK.)

Shell depressed, conical, Romewhat widPr than high, apex central, or
very nearly so; slopes nearly equal all around, or with sometimes tho anterior and sometimes the postel'ior sides a little con,-ex, and the others
more nearly straight; apertnre cireular; surface apparently smooth, excepting obscure lines of growth, cros::;ed by several irreguiar, di,·erging,
obscure, radiating ridges and more strongly definefl furrows; the former
being mainly on the posterior and the latter on the interior and lateral
slopes.
Breadth of largest specimen seen, l.lG inches; height about 0.05 inch.
I have seen only two specimens of this species, and these are internal
casts, with merely some fragments of the very thin shell remaining, while
the extreme apex of both is broken away. The radiating furrowsarerather
distinctly defined on the anterior slope of the internal cast, while one
(apparently not exactly the middle one) is narrower aud distinctly deeper
than the others on each side of it, which latter are about twice as wide,
shallow, and often somewhat divided by a small ridge down the center of
each. On the posterior slope one of tlte ridges is more strongly defined
than the others, especially near the apex, and seems to correspond to
the deeper furrows of the anterior slope, though not exactly opposite
to it. The broken apex in one of the specimens looks as if it migllt llave
curved a little backward, though in the other it evidently cun'ed forward at the point, if I have rightly determined the relative sides.
One of the specimens shows obscure traces of the m.yal muscular scar
on eaeh side, and these are connected across the side I regard as the
anterior, by a slender line, but the specimen being a little worn on the
opposite or posterior side, I have been unable to make out the broader
interrupted band that ought to pass around the posterior side, if the
species really belongs to this genus.
This species will be readily distinguished from all of the others yet
known from the far western cretaceous rocks by its conical form and
·elevated apex.
Locality and position : Box Elder and Colorado City, Colorado; Fox
Hills Group of the U ppcr Missouri cretaceous series.
·
TURRITELL.A. K.A.NS.A.SENSIS, (MEEK.)

Shell elongate-conical 1 or gradually and regularly tapering from below

to tbe apex, with the lateral slopes of the spire straight; volutions eight
to ten, increasing regularly in size, flattened, or only very slightly convex;
l'ast one rounded below; suture nearly linear; aperture ovate. Surface
with small, thread-like, revolving lines, varying much in their arrangement and distinctness, but usually more strongly defined on the lower
half of the last turn ; lines of growth very fine, obscure, and strongly
arched or sigmoid, so as to indicate a rather deep sinuosity in the. outer
lip above the middle.
Length of large specimen, 1.10 inch; breadtlJ, 0.34 inch; divergence
of slopes of the spire, about 22°.
This shell varies much in its surface marking, some of the specimens
appearing almost smooth, or only showing faint indications of a few
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revolving lines, while others show a few distantly-separated, very slender, raised lines. In still others five or six well-defined slender lines
may be seen on some of the volutions, and a smaller num l>er of less
distinctly-defined ones on the other turns. The arrangement of these
lines and their comparative size on different individuals, as well as on
different parts of the same specimen, vary much. Usually the upper
turns near the apex of the spire appear to be smooth, though this may
be partly due to accidental erosion before the shells ·were imbedded in
the matrix.
Locality and position: Twelve miles southwest of Salina, Kansas;
Dakota Group of cretaceous. Professor B. F. Mudge, collector.
1'URBO MUDGE..A.NUS, (MEEK.)

Shell small, turbinate, about as high as wide ; spire moderately prominent; volutions, four and a-half to five, increasing rather rapidly in
size, convex; last one somewhat obliquely flattened below, and laterally
compressed or flattened around the middle of the outer side ; suture
more or less channeled; aperture circular; outer lip thin and oblique;
columella arched and flatteued below; axis imperforate. Surface ornamenteu by strong, raised, oblique lines of growth, which are crossed by
four equidistant, rather sharp, revolving carinre, only three of which are
seen on the volutions of the spire.
Height, O.G6 inch; breadth, about 0.64 inch; divergence of slopes of
the spire about 750,
This shell is evidently related to Turbo tricostatus, d'Orbigny (Palreont. Fr. Ter. Oret., t. II, Pl. 186 bis, fig. 5, G), but clearly differs in having its spire decidedly more depressed, and in having four revolving
carinm on its body volution, instead of only three. Its body whorl is also
more rounded, iu consequence of its greater conyexity on the upper
side, which also imparts a more rounded outline to its aperture. It likewise wants the small urn bilicus said to exist in d'Orbigny's species, and
does not show tbe lower carina of the body turn above the suture ou
those of the spire.
The specific name is given in honor of Professor J\.1ndge, of the Kansas State Agricultural College, to whom I am indebted for the typical
specimens of this, as well as of the other species here described from the
same locality.
Locality and position: Same as last. Professor B. F. Mudge.

Tertiary species.
UNIO LEANUS, (MEEK.)

Shell attaining a medium size or larger, rather thin ; longitudinally
ovate, being somewhat less than twice as long as high, with the widest
(highest) point in advance of the middle, rather distinctly con-vex; anterior side wider than the other, and regularly rounded; posterior margin
more narrowly rouuded, or sometimes obliquely subtruncate above; basal
outline forming a broad, serniovate curve, witb the most prominent part in
advance of the middle; beaks moderately depressed and placed between
one-tbird and one-fourth the length of the valves from the anterior
margin; surface smooth or only showing marks of growth ; binge
stroug, cardinal teeth prominent, and leaving in internal casts a very
profound impression, ranging vertically just behind the anterior muscular
scar; lateral teeth loug aud straight; two in the left and one in the right
valve.
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Length, 3.80 inches ; height, 2.20 inches ; convexity, 1.40 inches.
This will bP; readily distinguisheu from that I have provisionully
' referred to U. tellinoides, H., by its proportionall,y longer and more convex valves, ::)touter hinge, and particularly by having larger, thicker, and
more prominent cardinal teeth, ranging vertically~ instead of very
obliquely forward and downward. The specific name is given in honor
of Dr. hmac Lea, of Philadelphia.
Locality and position : Church Buttes, Wyoming Territory; miocene
tertiary, in a rather coarse, greenish grit.
UNIO W ASTIAKIENSIS, (MEEK.)

Shell scarcely attaining a medium size; thin, depressed, rather compressed, longitudinally subovate; anterior side short, rounded; posterior
side long, with a narrowly-rounded or sometimes faintly subtruncated
extremity, the most prominent point being below the middle, while
above this there is usually an oblique slope from the posterior extremity
of the hinge; basal margin, forming a broad, semi-elliptic or semi-ovate
curve, in the latter case the most prominent part being a little in advance of the middle ; dor~ml or hinge margin straight from the beaks to
the upper slope of the posterior margin ; beaks depressed nearly to the
dorsal margin, rather regularly convex, but not ventricose,.. and placed
about one-fourth the length of the valves from the anterior extremity;
umbonal slopes moderately and evenly convex; surface smooth, or only
showing more or less distinct marks of gTowth, excepting near the immediate points of the beaks, where well-preserved specimens show
traces of minute, regular, longitudinal wrinkles, which terminate posteriorly at two faint, oblique, obsolescent, linear ridges; hinge, slender;
cardinal teeth small, oblique, and apparently cousisting of one in the
right and two in the left valve; lateral teeth straight, rather long, two
in the left, and one or two in the right valve.
Length of a large specimen, 2.37 inches; height, 1.~6 inches; convexit.v, 0.72 inch.
This species is related to U. priscus, l\1. & H., with which it agrees
nearly in form and surface characters. It is constantly smaller, however, and distinctly thinner, while. its hinge is weaker and its cardinal
teeth smaller and much more oblique. The wrinkles on its beaks, and
tLe two oblique linear ridges on their posterior dorsal sides, are similar
to those on U. priscus, excepting that they are less distinctly defined
and occupy a much smaller space only near the points, instead of the
whole surface of the umbones, being in fact so obscure and so near the
points of the beaks as to be readily overlooked and entirely obsolete in
most cases.
It will be distinguished from U. Haydeni mainly by its constantly more
depressed and more elongated form. Its stratigraphical position is also,
according to Dr. Hayden's observations, one thousand to two thousand
feet lower in the series than that of U. Hayc1cni.
Locality ancl position: Washakie, Wyoming; also on Henry's Fork.
and on Green River, Wyoming Territory, at all of wbieh places it is associated with lliviporus paludinccformis (=Turbo pal~tdinreformis Hall)
and Goniobasis nodulifera. (=Oerithium nodulosum, Hall, not G. nodu
los a., Lea.)
CORBICULA ~ FRACl'A, (:MEEK.)

Shell attaining a rather large size, lo_ngitudinally ovate, wider
(higher) anteriorlJ-, compressed, very thin and fragile; anterior margin
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rounded; pallial margin semiovate in outline ; posterior margin narrower than the other, and subtruncate; dorsal <;mtline sloping gradually,
with slight convexity behind the beaks, and more abruptly in front;
beaks rather depressed, oblique, and placed about one-third the length
of the val yes from the anterior extremity; surface only showing very
obscure lines and somewhat stronger ridges of growth.
Length, 2.24 inches; height at the beaks, 1.48 inches; conYexity, apparently about 0.40 inch.
The sper.imens of this species are all more or less flattened by accidental compression, but show the outline and surface characters perfectly, even to remains of the thin epidermis. With considerable difficulty I have succeeded in clearing away the matrix so far as to sec that
the binge margin is comparatively strong for so thin a shell. It shows
apparently three diverging cardinal teeth in each valve, and a linear
anterior lateral tooth extending parallel to the anterior margin, while
the posterior lateral teeth are somewhat, remote from the cardinal, and
rather elongated. On these posterior lateral teeth I have seen fine transverse strirn, which doubtless also exist on the anterior lateral, though I
have not seen a specimen in a condition to show them.
Internal casts show the anterior muscular impression to be ovate, and
the posterior broader, or more nearly circular, while the pallial line
shows a shallow, rounded sinus, forming less than a semicircle.
LocalUy and position: Hall ville coal mines, just above a bed of coal,
in a black, argillaceous, rather hard rock, that may be shaly at some
places.
CORBICULA ~ CRASSATELLIFORMIS, (MEEK.)

Shell attaining about a medium size, longitudinally ovate-subtrigonalcompressed, very thin and fragile; anterior side rounded; pallial mar,
gin forming a semiovate curve, being more prominent anteriorly thmi behind; posterior side longer than the other, but much narrmver, being
very narrowly truncated at the immediate extremity; dorsal margin
forming a long straight slope behind the beaks, and sloping more abruptly in front; beaks rather depressed, oblique, and located rather more
than one-third tbe length of tbe valves from the anterior margin;
posterior urn bonal slopes showing some tendency to form a very slight
prominence from the beaks toward the posterior basal extremity. Surface marked with fine lines, and a few irregular, stronger ridges and
furrows of growth. Hinge not well made out.
Length, 0.95 inch; height, 0.60 inch; convexity, about 0.20 inch.
This form will be distinguished from the last, not only by its much
smaller size, but by its more trigonal outline (caused mainly by the
greater obliquity and straightness of its posterior dorsal slope), the
greater prominence of its post-umbonal slopes, and its proportiouaHy
stronger ridges of growth. I have not seen its pallial line and know little of its hinge, though some of the specimens seem to show indications
of tllree diYerging cardinal teeth, as in the last. Like that species, it
is a very thin, fragile shell.
In form a,nd general appearance, this shell is much like Cyrenct ( Oorbicula,) an.rrustata, Deshayes (An. Saus. Vert. Bassin de Paris, 1, p. 508,
Pl. XXXVII, Figs. 9, 10, 11 et 12), but it not only attains a larger size,
but differs in being more attenuated posteriorly, and more distinctly
truncated at the immediate extremity of the narrowed posterior end.
Both this and the last-described species very nearly resemble some of
the depressed, elongated species of Orassa.tella, in outline, and belong
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to Deshayes' section "oblongues transverses" of Cyrena, which includes some very thin species from the Paris Basin.
It is a curious fact, that at the same time these forms differ so very
materially in form from the existing typical species of Corbimtla, they
have the lateral teeth of the binge, in most cases, like those of that
group, often even to the fine transverse strim, instead of like those of
the true Oyrenas. As Deshayes has remarked, the fossil species show
gradations in form and hinge characters, that seem to indieate that
those groups can scarcely be regarded as forming distinct genera, although it ma.y be convenient to distinguish them subgenerically. There
would still, however, apparently be as good reasons for forming for
these loi1gitudinal1y-ovate or subtrigonal, very thin shells, with hinge
teeth more like those of Corbicula, a third subgeneric section. If so, I
would propose for this group the name Leptesthes, with the first of the
foregoing species as its type.
Locality and position : Same as last.
GONIOBASIS CHYSALLIS, (:l\1EEK.)

Shell generally almost cylindrical below the middle, but more abruptly
tapering above; volutions six or seven, flattened, with the upper margin
thickened, last one not angular, and scarcely larger than the next above
it; suture well defined. Surface ornamenteu hy distinct vertical cost:::e,
often ranging nearly in the same line all the way up the spire; these are
partly interrupted by an effort to form three, or rarely four, obscure revolving lincii: or ridges, the upper of which is larger and more prominent
than the others, which character, with tbe slightly eularged upper ends
of the vertical costm, causes the thickened appearance of the upper margins of the volutions; several other slender and more distinct revolving
lines also occur on the under side of the last turn. Aperture somewhat
rhom hie-ovate.
Length, about .60 inch; breadth, .18 inch.
I have seen no well-preserved specimens of this shell, but its peculiar
form and the thickened character of the upper margins of its volutions
distinguish it readily, even in very imperfect examples, from al·l of the
other known species of this region. I had long baelc referred it, with
much doubt, to Goniobasis tenera, Hall, (Sp.,) (not Anthony;) but as the
later collections brought from Utah and Wyoming contain a great
number of auother, but clearly distinct species, that agrees more nearly
with Professor Hall's figure, both in form and the number of revolving
li!les on each volution, I am led to think that he must have had the
latter species before him when he described his G. tenm·a. The fact, too,
that it occurs in vastly greater numbers than the form under consideration, seems to sustain this conclusion.
Locality ctnd positien: Bear River, near Sulphur Creek, Utah; Lower
tertiary.
GONIOBASIS NODULIFERA., (MEEK.)
Cerithiwnt noclulosum, Hall, 1845. Fremont's Roport Explorations, p. 309, Pl. III, Figs.
(Not Goniobasis nodnlosa, Lea., 1841.)

11 and 12.

Shell attaining a rather large size, elongate-conical; spire much pro·
duce<l; volut.ions seven or eight, convex, and increasing gradually and
:~tegularly in size; last one not larger in proportion than the others, and
rounded; suture well defined and sometimes presenting a slightly banded
appearance; aperture ovate; outer lip very strongly sinuous above the
miudle, and prominent below it. Surface ornamented with rather dis-
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tinct lines of growth, that arch· strongly parallel to the margins of the
lip, and are crossed on the lower part of the last turn by from three or
four to about six distinct, raised revolving lines, aml near the middle.
especially on those of the spire, by a small nodular carina or ridge.
/
Length of a large specimen, about 1.40 inches ; breadth of same, 0.46
inch. Angle of spire regular, with a eli vergence of 18 to 20 degrees.
The surface markings of this shell, excepting sometimes the lines on
the lower part of the last turn, are not seen on internal casts; while on
the exterior, the revolving, slightly-nodular ridge is often obsolete on the
last turn, and apparently sometimes nearly or quite so on some of those
above. The revolving lines of the under side of the last volution are
strongly defined, and it seems to be the upper one of these, continued
upon those of the spire, jm;;t above the suture, that gives it the banded
appearance. In some instances a few smaller revolving lines are seen
farther up on the last turn, and even continued upon the lower half of
the exposed part of some of those of the spire. Where the nodular ridge
is most distinctly developed, the surface of the volutions above it is
sometimes slightly concave.
Professor Hall's figures, especially his Fig. 12 of Oerithiurn noduloswn, represent the suture as being more oblique than in our specimens,
but this is probably due to lateral compression. None of his figures
show the strongly-arcl.Jed lines of growth, IJor more than one of the
revolving Jines on the lower part of the last turn. Both are mentioned,
lwwever, in his description. The arching character of the lines of growth
is a distinctly-marked feature in this shell.
As the name nodulosa had been used by Dr. Lea for a species now included in the genus Goniobasis, it l>ecomes necessary to find a new name
for the shell under consideration, in placing it in that genus, consequently
I have called it G. nodulifera..
Locality and position: Colonel Fremont~s specimens of this species,
according to his observations, came from latitude 41 o;~O'; longitude 111 o
where they were found in a yellowish-gray oolitic limestone. Dr. Hayden's collections of it came from a localit.y a short distance farther to the
southeast. They are in a .vellowish-gray limestone, that sometimes
shows a few oolitic grains. Dr. E. Palmer brought specimens of it from
White Hivcr, still farther southeast in Colorado, in a yellowish, distinctly
oolitic matrix. Lower tertiary.
BY1'ITINELLA. GREGA.RIA., l\iEEK.

Shell small, conoid-subovate, spire rather elevated; volutions five,
rounded, o;r very convex; ~uture strongly impressed; aperture ovate,
or slightly longer than wide, with the upper extremity subang·ular, and
the lower rouuded; inner lip not reflected, and lea,~ing by its side a very
small umbilical impression tbat seems not. to perforate the axis. Surface smooth, or only showing, under a strong magnifier, very minute
lines of growth.
Length, 0.15 inch; breadth, 0.08 inch; length of aperture, 0.06 inch;
breadth of aperture, scarcely 0.04 inch.
This little shell so uearly resembles, in form and proportions, the
figures of Bythinella tenuipcs, of Couper, that it is with some hesitation
I have coucluded to regard it as a distinct species. As that shell, bowever, is described as baYing its suture" slightly impressed," and as being
''sub-urn bilicated," while that under cousideration bas its suture 1.:ery
deep, ami could not be properly described as even s·ub-umbilicated, I do
not feel warranted in referring our tertiary form to the existing species.
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Of course we have no certam means of determining whether we ought
not to call this shell Arnnicola gregaria, or Pomatiopsis gregaria, instead
of referring it to Bythinella, the distinctions between these groui)s being
mainly based on characters not apparent in the shell. The fact, however, that it is found in vast numbers associated with a small Planm·bis,
and millions of the carapace-valves of a minute Cypris, would seem to
indicate that it was aC)natic in its habits, like Bythinella and Amnicola.
It is true, terrestrial shells are often swept by streams into lakes, and
deposited along with those of aquatic species; but it is exceediugly improbable that millions of so small a terrestrial shell as this would haYf
been deposited all together, so as almost to form an entire bed of limf ;
stone, especially without some other terrestrial types.
Locality ltnd position:: Pacific Springs. Tertiary.

II.-ON THE TERTIARY COALS OF THE WEST.
BY JAs.

T.

HoDGE, GEOLOGIST.

The occurrence of coal in the Rocky l\fountains was observed andreported on by most of the early explorers on the different routes they
traversed across tlle continent. Little importance, however, was attached to these discoveries, and, as the coal-beds were seen only in
their outcrop, little knowledge was acquired of their real character. It
was understood that they belonged, not to the true coal formation, but
eithf'.r to the lower tertiary or upper cretaceous, and the coal was consequently classed among the lignites or brown coals, anrl generally considerrd to be far inferior in quality to the genuine coals of the Eastern
and l\1.iddle Sta.tes. As the country began to be settled, the scarcity of
timber soon caused these deposits of fuel to be looked up, and mines of
coal to be opened and worked in Utah and in Colorado. The construction of the Union Pacific and Central Pacific Railroads created a still
greater (lemand for fuel for the supply of the.ir locomotives, and new
mines .were opened along the line of the former road in Wyoming Territor;y, which, with those worked on the eastern bonier of Utah, near the
same road, supply both these long lines of road with all the coal they
require. No mines have been fouud near the Central Pacific Railroad,
either in Utah, Nevada, or California, so that tllis road is wholly dependent for fuel upon the coals brought to it from the Union Pacific. Though
it is scarcely three years since these coal-mines began to be dev~loped,
they have already produced large quantities of coal, and several among
them have the appearance of tllri ving collieries, well furnished with
powrrfnl machinery for pumping and hoisting, and all the appliances
of fir~t-class establishments..
J n Uolorado, mines were opened along the eastern base of the Rocky
Monutains about eigllt years since, ami a number of them have been
workt•d to a moderate extent from that time, supplying Denver and the
settlelllt:>Uts below the mouutains. The coal was found very serviceable
for dome~tic purposes, but was deficient in caloric quantities, snell as
are required for fouuderies and other met.allnrgical works. The writer
in 18()3 found the blacksmiths for the most part. unable to produce a
wel(li11g lteat with the coal iu their torges, and coke was brought from
Kansas for a foundery at Black Hawk at an expense of $160 per ton.
The cual-mines were then esteemed of very little v:tlue. The openir1g ot
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the Kansas Pacific Railroad to Denver, of the Denver Pacific to Cheyenne,
and of the Colorado Central fi'om Denver to Golden City, with the prospect of it' extension in another year to the mining towns in the mountains, has greatly added to the importance of these mines, and led to
arrangements for working them upon a large scale. In September and
October last the writer again examined "them, and also visited all the
coal-mines of importance in vVyoming and in Utah near the Union
Pacific road, and the following are some of the results of his investigations and of the analyses he has made of the coals he has collected:
All these coal-mines are found in a series of sandstones and fire-clay,
probably of lower tertiary age. No limestones occur with these strata,
and black slate is met with in small quantity only. The sandstones are
generally somewhat friable in texture, and are often exposed in bold
cliffs, the faces of which have weathered in very irregular shapes, and
frequently present deep holes and cavernous depressions. Its color is
from a light-yellowish to reddish brown, and sometimes gray. In places
it is sufficiently sound and firm to make a good building stone. The
fossils it contains are chiefly lea,Tes of deciduous trees. No ferns and
other fossil plants are found in the formation like those common to the
true coal-measures. The black slates forming the roof of a. coa.l-bed at
one locality in Wyoming Territory are found filled with fossil (Jnios,
which, as the writer is informed by Dr. J. S. Newberry, are probably an
undescribed species. Fire-clay is perhaps the predominant material of
the formation. It occurs in beds of great thickness, especially in Colorado, and at Golden City it is manufactured into fire-bricks of excellent
quality. Clay iron-stone is occasionally interstratified with the clays
and black shales, and in Boulder County, Colorado, the summits aucl
sides of some of the hills near the coal-mines 2tre partially coYered with
masses of brown iron ore, that have the appearance of solid ledges, but
which were no doubt collections of clay iron-stone, left behind ·wlwn the
lighter materials of the strata containing them were removed, and converted subsequently by atmospheric agency into those brown hydrates.
The coal-beds are often of great size, the largest now worked being
twenty-six or twenty-seven feet thick. This is on Bear H,i,-er, on the
eastern border of Utah. For the most part they are remarkably free
from impurities, it being not rare to see a face of eight or even ten feet
of elean coal of brilliant luster, perfectly sound and solid in the mine,
without a particle of slate or any dsible foreign matter that would injure
it. Iron pyrites, however, may generally be detected in small flakes and
thin disks, but very rarely in snffieient quantity to be injurious. Mineral
resin is a common ingredient of the Colorado coals, and was met with
at one of the mines only on the Union Pacific l{,ailroad, that at Carbon.
The beds lie at an angle with the horizon; some are vertical, none were
observed level.
All the coals tend to crumble soon after being exposed to the weather;
but when protected they remain a long time unchanged, as is shown by
a large lump in the possession of the writer, which he obtaiued at a
wine in Boulder Uounty, Colorado, in 1863, and which is still sound.
Tllis ten,lency to crumble is the cause of great waste at the mines-all
the greater that these tertiary coals can scarcely ever be made to melt
and agglntinate into a. firm coke. \Vith rare exceptious, when submitted
to tlw coking process, they retain their form or crumble into a dry powder. As seen by their analysis they all contain water in their composition, alHl this is very slowly given up even at. the boiling temperature.
Its pressure necessarily detracts from the calorific power of the coals,
not merely by reason of the water taking the place of so much carbon,
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but by the consumption of more to produce the heat required to expel
this water. Hence it is difficult to obtain a strong, concentrated heat,
such as is needed for welding iron in the forge-fire, and it is only by
particular care and skill that the blacksmiths have generally succeeded
in making it answer their purposes. At the machine shops of the Union
Pacific Railroad it is not yet admitted as a substitute for eastern bituminous coals, though some of these are brought from Pennsylvania
mines,, about two thousand miles distant, and the very best of the Rocky
:Mountain coals are obtained directly on the line of the railroad. As a
fuel for locomotives and for domestic purposes, including cooking as
well as warming, the coal in general auswers Yery wen. It kindles and
burns freely, making a bright fire, with a ~7 ellow blaze and comparatively
little smoke; the odor of this is not so strong or disagreeable as that of
the bituminous coals, and somewhat resemlJles the smell of burning- peat.
The smoke is not always dark and thick, bnt is sometimes of a light gray
color. The ashes are remarkably light and bulky. The engineers of the
locomotives find that some varieties crumble more than others in the fire,
and sift through the grate bars; these re(]nire closer screens at the top
of the smoke-stacks. They endeavor to obtain the coal as freshly mined
as possible on account of its soun<ler conllition. Clinkers sometimes
form sufficiently to be troublesome when the coals are obtained from
those mines that contain seams of slate. There have been a few cases
of combustion of refuse heaps of coal, snppnsed to have occurred spontaneously. The presence of iron pyrites in coals so easy to crumble aud
ignite as these cannot fail to suggest this clanger, and the importance of
gnanling all heaps of it from becoming wet. It is not unusual in the
Rocky Mountain region 'to meet among the strata of sandstones beds of
ashes, wllich are evident1y the ruins of coal-beds, some of which are of
large size. Tile writer has seen many such in the banks of the upper
part of the Missouri River.
The geological position of these coals, togetller with the considerable
proportion of water in their composition, places them in the class of
brown coals or lignites, which are for the most part distinguished by
their fibrous structure and close resemblance to the wood from which
they are derived. The bnwnkohle of the tertiary formations of Saxony
and Brandenburg, when dug and stacked in the fields, looks more like
brown logs of wood than like mineral coal. Other varieties are met with
in various e.onditions of change, and among them some that closely resemble the or<liuary bituminous coals in their compact texture, brilliant
luster, aud black color, botll of the coal and of its powder, thus differing
entirely in app<-'arance from the brown coals or lignites that give a name
to the class. Tllis is the general charauter of the coals of the Rocky
l\fountains, and thP.ir composition shmvs they are far superior in quality
to what tile name of the class would indicate. Indeed they appear
to be better th<tll the best of the foreign coals of their own variety, and,
as they present a wonderful degree of uniformity over extensive territori~i'l, it seems they are really entitled to an appropriate name, that
shoulu distinguish them, not merely from the common bituminous coals,
but from the other lignites also, to which they bear still less resemblance.
The Buropean lignite deposits are of very limited area, scattered here
and there tbr.mglt Prussia, France, Great Britain, &e., aud iu these
small basins the composition of the fuel is ver.r variable. In the Prussian province8 above named its value is rated at only one-third that of
the genuine coals; while in the north of Irelaud it is considered to be
worth two-thircls as much as the bituminous coals. The weight of the
aslr in the puLlishe<l analyses for the most part exceeds four per cent.,
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and ranges from this to twenty or thirty per cent., very nuely exceeding
forty per cent. Tile composition of the American varieties, so far as
fonnd by the writer, is contained. in the following table, which abo gives
the localities of the principal mineR worked and the thickness of the beds.
The water was determined by drying the coarsely-pulverized coal iu an
oH bath below the temperature of boiling oil and above that of boiling
water, continuing the drying for several hours till the coal ceased to
lo~e. weight.
The fixed carbon in all these analyses is uncertain in
qn~wiity, as its amount varies through a few per cent. according to the
greater or Jess heat employed in expelling the volatile matters .
.A.NAL YSES OF COALS FRO)! TilE ROCKY J\IOUNTAINS.
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rrextnre frE'qnently very apparent; specific gravity about 1.2. At the·
temperature of boiling water they commouly lose about 3 per cent. In the·
analyses gi,Ten the water thus obtained goes with the volatile matters in.
the second column. They <1o not generally melt by heat, but 'orne of
them soften sufficiently for the particles to adhere together, and some·
become fluid-like oils, at a moderate elevation of temperclturE>. These·
last seem to belong 8ltogether to fresh-water limestone forma ions, a,ll(L
to be nearly related. to tlw petroleum found in the same formations.
Locnlity.

Description.

Utwciler, right bank of the Rhine

0. !l

31. 8

G7. 3

Germany .. __ .... _. __ . _...... _. . . . .
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52. 5
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~t ..Lon,
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Mincrvc J/Aude ---. _..... -- .. .. _.. 10.0

46. 0
46. 8
57. 4

48. 4
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\Vater, 5 pH cent.; compact, black, shining,
specific gravity, L20B.
Dull, brownish black; powder, sa.me; compact ..
ash-brick color.
Shining black; contains resin; compact, with.
thin, jet-like layers.
Dull black; fracture, smooth antl tlnll.
Black, with irregular, s hini11 g fracture.
Compact; brilliant black color; itTt'gular frac-ture; powtler, brownish black; yidl1s C'Ol>e.
Compact; 1>lack, grrasy lnster; powder, clear
brown; used by blacksmiths.
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Coloraf1o.-Ooal has been found in Colorado both on the east and west
sides of tlle Platte River; but the only mines of importance are near
the eastern foot of the easternmost or Blue Hills range of the mountains. The formation to which tlley belong is a series of sandstones and
fire-clay, probably of lower tertiary age, which ranges north and south,
and along its western margin is found uptilted in a vertical vosition,
and sometimes dipping toward the metamorphic rocks tllat make up
tlle steep mountain slope not half a mile distant. Fartller away from
the mountains the inclination is eastward, and so gentle that the coal
strata overspread large tracts of eountry. The formation follows the
range of the mountains north and south to an undetermined extent,
and coal is met with in it for more than a hundred miles fi:·om Denver
in each direction; but the only mines of valut>, excepting a few to the
south, are at Golden City, fifteen miles west from Denver, and thence
north for ten to· fifteen miles into Boulder County, along the banks of
the creeks that deseend from the mountains eastward toward the Platte.
Golden Oity.-The first discoveries of coal at this place were several
small and nearly vertical beds near together in the steep bank of Olear
Creek, about half a mile below where it passes out from the mountains.
These 'vere folJo·wed but a short distance under the bank toward the
south, "·hen the extension of one of the beds in this direction was
opened at the summit of the ridge, a quarter of a mile from the creek.
The bed ,\-aS here found so large-from ten to fourteen feet thick-that
the lower workings were abandoned, and a vertical shaft was sunk .on
t.Ue hill, one hundred feet deep in the coal bed, and levels have been
drh-en north and south from the bottom, and also fifty-six feet below the
surfnce. The bed proved to be very irregular in thicklwss, sometimes
pinching in to a few inches and then expanding to eight or ten feet.
Its average thickness is not probably more than fn·e feet. A small
steam-engine is used for pumping and hoisting. l.Jittle water, however,
is encountered. A cross cut fi'om the bottom, dri \Ten seventy feet east,
penetrated the following strata: clay, 4 feet thick; sandstone, 4; coal, 2;
sandstone, 12; clay, 3; sandstone, 7; clay, 8; black slate, 3; clay, 4;
sandstone, 3; clay, 2; coal, 2; clay, 8; coal, 2; sandstone, G. The last
stratum is probably the extrusion below of a heavy ledgP- of sandstone that forms the crest of the ridge. The clay is all fire-cla)T, of
pretty uniform and excellent quality, very similar in appearance to that
of the true coal-measures. It sc:ems to be the prevailing material of
the formation, and is used for the manufacture of fire-brick in au extensive manufactorv at the baRe of the hill. The coal mine has been worked
.only to the mo(lerate extent of about ten· tons a day, for the supply
chiefly of the local demand. The appearauce of the coal itself-of a
dull black without the bright luster common to the coals from the otller
mines-bas operat•.· d unfavorably to its reputation in the DenYer market, though no inferiority of quality is indicated by the analyses. It is
obtained, too, in pieces of Yery irregular shape, quite rmlike the hand.some rectangular blocks of the other coals. Like them~ however, it is
.almost entirely free from slate and iron pyrites. Resin oecnrs in it in
.scattered particles and bunches more abundantly than in the coals of
.the other mines. It may, perhaps, prove a better coal for gas than the
.other mines afiord, which will soon be ascertained, if it has not been
.already, at the new gas works at Denver. The locality is ver.v favorably
.situated for supplying the mining towns in the mountains with fr:.el, so
.s@on as the railroad now in progress up the gorge of Clear Creek reaches
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them. The pine woods there available have already been greatly thinned,
and the question of the future supply of fuel would be a serious one but
for the supplies promisetl by these mines below the mountains.
Tho rauge of the coal-belt to tbe north side of Clear Creek was traced
by the writer, in October last, and a point selected for trial shafts on the
hills half a mile from the creek. The line of these vertical beds is but
poorly indicated on the surface, and may be easily missed. Faint
streaks of coal-smut or blossom were in this instance followed to the
depth of sevent~r feet in fire-day before they led to solid coal. The bed
was here found about ten feet thick. .From this side of the creek the
railroad will be most conveniently supplied.
The outerop of coal has been detected at, intervals between Golden
City all(l Ralston Creek, five miles to the north, and the formation evidently continues through, but no mines are worked in the intervening
tracts.
Ralston Creck.-Two large coal beds are opened in the banks of this
stream, tiYe miles north from Golden City, and about two miles below
the foot of the mountain range. They lie in a vertical position, about
twenty-five feet apart. The upper or western one has been followed
unJer the south bank some thirty feet, and was found to be about nine
feet thick of good coal. Bnt the other bed, proving to be quite as good
as to quality of the coal, and affording in actual working full fourteen
feet free from slate and all foreign matters, it has been worked in preference. Other small beds have been met \rith fartiler up the stream;
· but these two are probably all of importance. Tile large bed is worked
on botil sides of the creek, and on the north side a large shaft was sunk
the last season sixty feel deep in the coal, from tbe bottom of which
levels are to be run north and south. The price paid for mining was
$1 50 per ton-the coal run out by the miners, wbo found their own
tools, powder, and lights. The timber required for stulls, &c., was provided by the owner il'om the mountains. Not so mnch of this is required in working a Yertical bed as is needetl in one indinc<l. But, on
the otiler hand, the trouble, danger, and expense of ''orking tile former
are essentially greater, and the amount of coal available over large
areas materially less. In this case, estimating with allowance for waste,
that the protluction should average twelve feet of coal, and that a cubic
yard of this weighs two thousand pounds, the mine should aff:ord, if
worked to the deptll of two Ilundred yards and a mile in length, about
one million and fifty thousand tons. The quantity obtained, ilowever,
will depend very much upon the skill with which tile \\Ork is conducteu,
and tile freedom from accidents, especially fire, tile danger of which
bas already been experienced. The coal appears very well, l>eing of
deep-black color with brilliant luster. It soon crumbles, 110\vever, on
exposure, and the \Vaste from fine coal in the mine has been so great
that, if continued. a larger deduction would have to be ma :le than that
allowed in the above estimate. The coal has met with a read,~ sale at
the mine at $4 per ton, and $10 at Denver, fourteen miles dista~1t. The
construction of the railroad to Golden Citv must so reduce the cost of
transportation that Denver will hereafter be supplied at lower rates.
Half a mile south from H,alston Creek, towards Golden, coal was <liscovered some tim~ ago directly on the range of the bed worked, of which
it is no <loubt the continuation. The exploration tilns mafle developed
a large bed with a gentle dip toward tile mountains. Whenc,Ter tilis
is opened again it will be a matter of interest to trace out the extent of
tilis change of dip.
Lcidcn's.-The next opening in the coal-bed to the north is in a gap
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through tlw sandstone ridge about a mile and a half from Ralston Creek,
and is known as Leiden's mim~, from the nmne of the late owner, who
witll two other men lost their li\CS by entering the mine last September,
when the air was foul in consequence of its having been left urnvorked.
It continued for some time inaccessible, and smoke was issuiug from
the entrance, when the writer visited tile place five days after the occurrence mentioned above. The locality is of interest as showing the continuity of the coal. The formation is easily traced northward from this
point over a broad and highly-elevated open plateau, by the strata of
sandstone projeeting in vertical layers above the surface; and the coal
can, without doubt, be found anywhere against the western edge of the
strata, or in the depressions below the general level now occupied by
ponds. The lan<ls, however, are not likely to be soon occupied, the soil
being filled and covered with small boulders from the mountains; still,
by irrigation, a considerable portion of them may be made prod.uctive;
and the fact that sm~eral ditches are already made across these tracts to
the lower and better lands to the east shows that water is available
even at their high levels. But the coal is more profitably obtained in
the vallevs of the creeks than in the elevated diYides.
In the Lnext valley crossed by the belt, that of Coal Creek, some seven
miles from Ralstou Creek, another opening is met with under the western
edge of the same sandstone ridge. The mine, however, is not now
worked, the owners finding it more convenient to dm·elop their other
property near South Boul<ler Creek, two or three miles over the next .
divide to the north.
llla:rshall's.-'rhe mines in the valley of South Boulder Creek, known
as 1\Iarslwll's, are among the earliest worked. in Colorado. They were
in operation in 1863, and have continued without interruption to furnish coal to Denver twenty-two mHes distant, and to the neighboring·
settlempnts. The locality is a little to the south of the creek, in the
bills bordering a small branch about two miles below the foot of the
mouutains. As many as four beds of coal have here been opened., two
of which may, however, prove to be the same. One of them-the
highest iu the series-is found just und.er the summit of the divide, dipping gently toward the southeast. It is known. as the Dabney bed-is
said to he nine feet tllick, and when workeu, furnished coal of a superior
quality, especially for blacksmiths' m;;e. At a lower levPl, and also
lower in the formation, is found the main bed, which is worked to the
thickness of ten feet, through the whole of which the coal is remarkably
clean and free from slate and other impurities. It contains very little
pyrit-es in their diskR and some resin iu small particles. In the mine
the freshly-exposed face presents a IJeautifully brilliant appearance, and
the coal is so found that a cubic block of it, said to weigh O'\Ter tlJree
tons, was taken out for exhibition at the fair in Denver. It is used. very
generally by the blacksmiths, ''ho have overcome the di ~Jcult.y they
formerly experienced in not being able to get up a weldir.g heat with it.
The mine is worked by two parallel headings, or lmTels, driven in from the
north :::~id.e of the hill, and rising a little up the slope of the bed. These
extend about six hundred feet in, and rooms are worked on each side,
but chiefly up the slope. In the other direction the bed passes under
a meadow, when the coal will have to be worked and drained by means
of vertical shafts. It is now mined for $1 25 per ton beside cost of
props and keeping the track, &c., in good condition.
A thir(l becl of coal three fe~t thick is found across the mead.ow just
spoken of, in the hill to the east, not half a mile from the main bed. It
dips eastwardly into the hi11, and bas beeu followed down the slope sixty
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or seventy feet, under a roof of fire-clay. This appears to lie between
tho Dabney and the main bed.
The fourth bed is not far from the small bed just described, being a
little to the north of a line connecting it with the mine now worked. It
differs from the others in lying in a vertical position; and it is not dear
where its position is in the series. A shaft was sunk upon the bed some
years ago to the depth of fifty feet., and the coal was raised by a horsewhim. The bed was seven feet thick.
A small blast furnace was built at this place in 1863 for the purpose
of workiug the brown hematite iron ores found scattered about the hills
in the vicinity. It ran but a short time, when t.he enterprise was abandoned. Though the coal mines were so conveniently near, no attempts
were made to use the coal; but pine-wood charcoal from the mountains
was employed as fuel. The iron made was of superiorquality, and it is
evident from the appearance of the cinder heap that the furnace, notwithstanding· its diminuti\'e size, must ha.ve worked well.
Wilson's.-From Marshall's north it is less than a mile over the plateau into the next depression, where the large coal-bed, easily traced
by the outcrop of the sandstone ledge that overlies it, is again opened:
and worked. This place is known as Wilson's mine. The bed bas been
followed down the slope toward the south-southeast about two hundred
feet, and the height of the exeavation jn the coal is from six to seven
feet. Probably the whole is not taken out. The coal itself is the same
in appearance as that obtained at Marshall's.
The continuation of the coal-bearing belt toward the north here appears to be interrupted, as no more mines are opened in this direction.
The dip of the strata is with the slope of the surface toward the east, but
somewhat steeper, so that the coal beds are carried un-der and disappear. H seems, however, that the dip must change and a sharp uprise
to the east take place, followed again uy a long gentle slope in the same
direction ; for the surface of the country appears to indicate this in the
steepness of its short western slopes, and also the reappearance of large
coal beds some thirteen miles northeast of the last mine described.
These are found in the side of a steep hill that ranges along the east
side of Coal Creek, the same stream noticed before as being crossed by
the coal-bearing l>elt near the mountain range; and which below turns
from an eastern to a northerly course.
Briggs's.-The most northern opening in these beds is that of the
Messrs. Briggs. It is on the side of the hill facing the creek and follows the slope of the bed into the hill east-northeast, the inclination not
being so steep lmt one can walk easily clown. The length of the heading is about five hundred feet, and rooms have been worked. to the right
and left. No water has yet been encountered in quantity to be troublesome. The coal bed is about thirteen feet thick, including in this a seam
of slate a foot and three inches thick at three to three and a half feet
abov.e the floor. The coal presents a handsome appearance, being of a
bright gli8tening black, and earning out in sound blocks of rectangular
fracture. It has been mined for the Denver market, twenty-three miles
distant; and arrangements are now in progress for extending a branch
of the Denver Pacifie Hailroad to the mine.
Baker's.-The Baker or Douglass coal-bed is three and a half miles
farther up the creek, toward the south, and on t.h e same side of it with
the Briggs bed. It lies about two hundred feet lower down than this
in -the formation, as the extension of the latter is found at this greater
elevation near by. The mine was originally opened in the bank of the
creek, and this being an inconvenient place to work it, an inclined shaft
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was started on the bench above and carried down through the overlying fire-clays and sandstone to the coal, when it followed the regular
slope of the bed. A steam-engine is employed to hoist the coal and the
water. The bed is four and a half to five feet thick, dips east into the
hill, and produces a coal very different in appearance from that of
the other mines. A part of it is a dull jet-black, hard. and brittle, breaking in cuboidal fragments; and. streaks of this cannel-like character are
seen in the more brilliant varieties that arc alsq found.. Iron pyrites in
extremely thin <lisks and. resin also are noticed. in the coal.
Two or three other small beds of coal appear in the bank of the creek,
and in the slates or shales over them are courses of kidney iron ore that
may possibly prove sufficient for the support of a blast fu,rnace.
Other coal-beds will doubtless be opened in this region, and also farther back toward the other mines. The only one· discovered the last
season was by .l\fr. Davidson, in exploring the strata near the highest
elevation of the conn try, probably far above t.he great coal-bed. It proved
to be a bed about three and a half feet thick.
lVyoming Territory.-Altlwugh the coal-belt of Colorado extends north
into \Vyoming Territory, and iHdications of coal have been found near
the line of the Union Pacific Railroad, it has nowhere been found productive of good coal to the eaRt of the Blaek Hills. Beyond this range
of mountains, in the Laramie Valley, the same formation is again met
with, and valuable mines of coal are worked at intervals near the road
even to Salt Lake Valley.
Carbon.-The first of these is at Carbon, a station one hundred and
forty miles by the road from Cheyenne, which is at the east foot of the
Black llills. Here, by the side of the track, a large shaft bas been sunk
seventy feet deep down to a coal bed seven feet thick; a steam-engine
for pumping and hoisting is in operation, and all the appliances are provided in the way of good machinPry and buildings of a first-class colliery. A consideral>le proportion of the coal used on the railroad is here
obtained; and it is tran::;ported for sale to Omaha, fiye hundred and
fifty-six miles by railroad, and to DenYer, two hun<lred and. fifty miles.
The coal is in fair repute, though it makes some clinker, and the analysis
shows it has more mineral impurity than the other coals. 'rhis comes
in part from small seams of slate in tlJe bed, and also fi·om a coating of
a white powder obsen·ed in tbe seams of the coal, which proves to be
carbonate with a little sulphate of lime. If it contains more ash~ it is,
on the other hand, comparatively free from water, showing the least
percentage of this of any coal analyzed. The smoke of this coal is black,
like that of the bituminous coals.
Hallville.-The next mining establishment is at ITaJlville, one hundred
and forty-two miles farther west. Several coal-beds (prol>ably four) are
here found in a hill about three hundred yards south from the railroad,
and a side track leads from this to the mine. The main bed of coal is
from five all(l a half to six feet thick; and below it is another bed three
feet thick, whiclJ in one place comes within a foot of it, and in others is
separateu hom it by several feet of slates. Other irrPgularities of
stratification are noticed iu the main coal-l>ed itself, which near the
entrance of the miue has in the lower half some small seams of slate,
and near the roof a layer of " bony," inferior coal, eight inches thick,
none of which are found in the inner or extreme part of the workings.
The coal itself is bard. and solid, an(l burns with a white smoke and little
o<lor. The mine is workeu witllout trouble from water, and the coal is
drawn out on an iron track by mules.
The black slate roof of the main bed abounds in fossil remains of fresh-

GEOLOGICAL SURVEY OF THE TERRITORIES.

327

water shells-unios of undescribed Rpecies. 1n the inner part of the
mine, when the roof ha~ been allowed to come down, many tons of these
slates might be collected charged with the sllells, still white, and often
both valves preserved side by side. The brown sandstones interstratified
with the coal-beds contain stems of trees converted into the same rock.
and impressions of the leaves-all, however, very obscure.
·
Yan D,ljke.-The next coal mine along the road is known as the VanDyke,
thirty miles farther west. This is in a bill on the north side of the railroad track, and so conveniently near to it t,hat the coal is discharged by
a chute f1·om the mine directly into the cars. The bed is four and a
half feet thick, entirely free from any a<lmixture of foreign substance,
except a trifling amount of iron pyrites in thin flakes in the seams, and
dips gently to the northwest into the dry, barren bill in which it is
found. Tbe roof over it is remarkably smooth and sound, so that all
the coal can be taken out clean, and comparatively few props are required
tor supporting it. This is an important consideration in a cmmtry so
barren of trees as this Bitter Creek region. No water is met with in the
mine, and the l>ed can apparently be followed over an exteusi ,-e range
northeast and west without encountering any. The mine fronts upon
the valley of Bitter Creek toward the south; and in the hills opposite
it seems as if the same bed must again strike in.
The Van Dyke coal and that of Hock Springs, two miles beyond, have
the best repntation of any of the Hocky Mountain coals, and this by
their analysis seems to be well deserved. These were the only coals
that afforded anything like coke by distillation; and they should give
a more concentrated heat than any of the others, showing the best
adaptation for metallurgical purposes.
Rock Springs.-The mines known by this name are two miles west
from the Van Dyke bed, and one mile ea&t from the station of the same
name. The coal of this locality has been obtained chiefly fi·om a dry,
barren knoll of cayernoussandstone, about sixty feet high, situated about
fifty rods southeast from the railroad, with which it is connected by a
branch track. On the south side-a,Yay from the railroad-the knoll
ends abru.ptly in vertical cliffs; and in these near tlJe summit is the outcrop of the coal-bed, and the entrance to tbe mine. The slope of the
strata is north-northwest, which carries the coal-bed under the main
track of the railroad ; and as the knoll is now almost exhausted of coal,
arrangements have been made for "·orking the bed close to the main
road, where also is the village of miners' houses. The bed is aLout nine
and one-half feet thick, but only about seven feet are worked; for within
two feet of the top is a thin seam of slate, that, with the coal above it,
makes a better roof than the dry and crumbling slates aud sandstones
above would make. The coal, like the Van Dyke, is very sound and
Clean, igniting readily and burning away entirely without crumbling in
the fire. The smoke is black, like that of the bituminous coals. The
mine is worked by contract-the miners riddling the coal in the mine,
and deliYering the lump coal only outside for $1 ~5 per ton. The workmen baye evidentl:y been left to their own discretion, without any regard
to obtaining the greatest amount of coal the mine should aft'ord.
The Ollening by the railroad track is a slope passing under Bitter
Creek. This had not in October passed quite through the ''rusty" coal
into the sounder part of the bed. Tbe mine has to be provided with a
steam-engine for pumping anu hoisting, and will no doubt be productiYe
in large quantities of excellent coal.
Thi~ vicinity, like most of the Bitter Creek VaHey, is deficient in good
water; so that, for about sixty miles east from Green Biver, this has to-

328

GEOLOGICAL SURVEY OF TilE TERRITORIES.

be brought for the supply of the inhabitants and for the locomotive~ in
cars specially provided for the purpose, and making what is called the
water train. The cars, nine in number, have each two tanks al>Ont nine
feet high and seven and one-half feet average diameter, all of w hi ell are
connected by a large hose. Following the water-cars is a box ear, in
which is a locomotive-boiler and a large steam-pump. By means of this
the water is pumped into the 8tationary tanks at tlle stations, and into
the barrels, casks, tubs, and even kettles and cooking-stove boilers, with
which the inhabitants near the stations run, on the arrival of tlle train
three times a week, to receive their supplies of water, paying for it at
the rate of twenty-five cents a barrel.
Utah-Evanston.-The station of this name on the Union Pacific Railroad is four hundred and forty-one miles from Cheyenne, or one hundred
and twenty-six from Rock Springs. The mines are two miles northwest
from the station across Bear Hiver, in a hill on the nortll siue of the fine,
wide valley of this stream. Seen from the mines this valley presents
the appearance of a beautiful plain stretching out about four miles to
the hills on the opposite side. \Vere the regions less elevated and the
winters less severe, this w·ould be a most attracti,Te site for a large settlement. Bear River is a swift stream of good water, well stocked with
large brook trout. The Wahsatch Mountains, in view to the west, furnish pine timber from their extensive forests. Buildiug stone of superior
quality i~ quarried from the sandstone beds near the coal-mines, and
clay- beds are worked for the manufacture of bricks at the foot of the
hill.
A branch railroad bas been constructed to the mines, and is used for
the benefit of both the Union Pacific and the Central Pacific Hailroads,
the former being supplied with coal lly the \Vyoming Coal Company,
and the latter by the Hocky l\lountain Coal Company, whose mines
adjoin each other in the same coal lled. This bed, wllich is 11owhere
exposed of its full thickness, is saicl to measure twenty-six or t\vent~'
seven feet from the floor to the roof. It is evidently a bed of extraordinary size; but tho workings are limiteu to the lower portion of it only,
not more than eight or ten feet being taken out. This is for the sake
of gTeater convenience in getting the coal now required and of economy
in timber for props. It must be, however, at the probabie sacrifice of
all that i~ left, which is hardly likel.r ever to be recovered in goo<l condition. The bed dips into the hill at an angle of about fifteen degrees
with the horizon, becoming suduenly steeper at the lower end of the
slope, which is already down over one thousand feet in the mine of the
Wyoming Company. Horizontal levels as long as the slope are driven
.each way from it, and many rooms worked. Many small ~earns of slate
are seen in the bed, which, not being· easily separated from tile coal,
must considerably impair its value. This damage would be overlooked
in analyzing specimens of the coal, which would always be selected free
from the slate. Iron pyrites are more abundant than in the coals of other
mines; and it is stated that spontaneous combustion of a waste heap
has occurred, attributable, no doubt, to decomposition of the pyrites.
The locomotive engineers complain that the coal does not burn up clean
and clinkers; still it is used by blacksmiths, who manage to get up a
welding heat with it. The arrangements for working tlte mines with
powerful engines and machinery are those of extensive collieries, and
the business is evidently bound to be large. The coal must be obtained
in any desired quantity, and at the minimum of cost. The formation
containing the coal beds is obviously of the same period with that to
which the Colorado coals belong.
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Coal,v ille.-The Mormons have worked several coal mines at this village and in the neighborhood, sending the coal to Salt Lake City, about
fifty miles distant by the old stage road, and more recently to Uorinne,
on the Central Pacific railroad. Coal ville is· fi\Te miles south from the
LTnion Pacific Railroad at Echo Station, and tbis is thirty-four miles
west from Evanston. At the village is Sprague's mine, which was not
in operation last October; and two miles up a narrow valley to the
northeast is Robinson's mine, and immediately abm·e this Crissman's
mine. All these are apparently on the same bed of coal. Higher up iu
the hills are two other small beds, not worked. Hobinsou's and Cl'issman's mines are both opened in tlw bottom of a ravine, and the former
is supplied with a small steam-engine for hoisting the coal up the slopr·.
The latter mine is entered by an adit level; and again farther up hy a
slope. The dip is to the northwest, and so gentle that a mule can haul
a ton weight up the iron-covered track. The bed is from eleven and a
half to thirteen feet thick, all Holid coal. The roof is san(lstone, aml
not T"ery secure; so that nearly the upper half of the coal ued is left for
safety, with the idea of some time taking· it out. This makes a secure
covering. Though the coal is very sound in the mine, and presents a
handsome appearance after it is extracted, it soon crumbles on exposure
to the air, and the railroad men do not speak well of it for locomotive
use. It crumbles in t!Je fire, and makes clinkers, that melt and stick
to the bars. Blacksmiths, however, use it satisfactorily. ~tis mined
for $l 25 per ton, and sells for $2 50 on the ground. The bell mnst
cxteud under large areas, whieh have not yet been explored for it. Its
dip, if continued, would carry it under the sandstone cliffs of Echo Calion.

III.-TI-IE ANCIENT LAI(ES OF WESTERN A~IERICA:
TilEll{, DEPOSITS AND DRAINAGE.

BY J.

s. NEWBERRY, LL.D.

The wonderful collections of fossil plants and animal remains brought
by Dr. Hayden from tile country bordering the Upper Missouri have
been shown, by his observations and the researclles of l\Ir. 1\leek, to
have been derived from deposits made in extensive fresh-water lakeslakes which once occupied much of the region lying immediately east of
the Rocky Mountains, but which have now totally disappeared. The
sediments that accnmnlated in the bottoms of these old lakes show that
in the earliest periods of their history they coutained salt ''ater, at least
that the sea had access to them, and their waters were more or less impregnated with salt, so as to be inhabited by oyster and other marine or
estnnry mollusks. In due time the continental elevation which uronght
all the country west of the Mississippi up out of the widespread cretaceous sea, raised these lake basins altogether above the sea level, and
surrounded tllem with a broad expanse of dry land. Then ensued one
of the most interesting chapters in the geological history of our continent, and one that, if fairly written out, could not fail to be read with
pleasure by all intelligent persons. The details of this. history are, however, in a great measure yet to be supplied, inasmuch as the great area
of our western possessions is still but very partially explored, and i~ is
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certain that it forms a great treasure-house of geological knowledge,
from which many generations will draw fresh and interesting material
before its riches shall be exhausted.
The enlightened measures adopted by our Government for the exploration of the public domain, the organization and thorough equipment of the numerous surveying parties that have traversed the region
west of the Mississippi within the last twenty years, together with the
still more extensive explorations by private enterprise of our great
mining districts, have resulted iu giving us materials from which an outline sketch can now be made that may be accepted in all its essential
particulars as accurate and worthy of confidence.
It bas happened to me to be connected with three of the Government
surveys to which I have referred, and to spend several years in traversing the great area lying between the Columbia Ri,~er and the Gulf of
Mexico. The observations which I have made on the geological structure
of our Western Territories supplement in a somewhat remarkable way
those made by Dr. Hayden, so tllat, taken together, our reports embody
the results of a reconnoissance stretching over nearly the whole of our
vast possession~ west of the Mississippi.
Our knowledge of the geology of th.is region has also been largely
increased by the no less important contributions of other explorers.
A111ong those who desenTe most honorable mention in this connection
are Mr. George Gibbs, to whom we are indebted for most that we know
of the geology of Washington Territory; to Professors W. P. Blake and
Thomas Antisell; to Professor 'Vhituey and the other members of the
California geological survey; to BaronRicbthofen, the lamentedRernoliC1,
Drs. Shiel, Wislizenus, and others.
The results obtained by the last, largest, and best-organized party
wbiell has beeu engaged in western explorations-that of Mr. Clarence
King-have not yet been given to the public; but, from an examination
of some of the materials which are to compose the reports of this expedition, I feel justified in saying that it will prove to be among the most
important of all tbe series of explorations of ·which it forms part; and
that the published results of this expedition will be not only an important contribution to science and our knowledge of our own country, but
a high houor to those by whom the work has been performed, and to the
Government, by which it was organized.
vVithout going into details or citing the facts or authorities on which
our conclusions rest, I will in a few words give the generalities of the
geological and topographical structure of that portion of our continent
which includes the peculiar features that are to be more specially the
subject of this paper.
It is known to most persons that the general character of tbe topography of the region west of the :Mississippi bas been given by three great
lines of elevation which traverse our territory from north to south: the
Roeky l\1:ountain Belt, the Sierra Nevada, and the Coast Rauges. Of
these the last is the most modern, and is composed, for the most part,
of miocene tertiary rocks. It forms a raised margin along the western
edge of the continent, and has produced that ''iron-bound coast" described by all" those who have navigated that portion of the Pacific which
washes our shores.
Parallel with the Coast Mountains lies a narrow trough, which, in
California, is tr::tversed by the Sacramento and San Joachin Rivers, and
portions of it have received their names. Farther north this trough is
partially filled, and for some distance nearly obliterated by the encroachment of the neighboring mountain ranges, but in Oregon and Washing-
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ton it reappears essentially the same in structure as farther south, and
is here traversed by the Willamette and Cowlitz Rivers.
These two sections of this great valiey Lave now free drainage to tlle
Pacific, through the Golden Gate and the trough of the Oolmnbia, both
of 1vhich are channels cut by the drainage water through mouutain barriers that formerly obstructed its flow, and produced an accumulation
behind them that made these valleys inland lakes; the first of the srries
I am to describe of extensive fresh-water basins that formerly gave character to the surface of our Western Territory, and that have now almost
all been drained away and disappeared.
East of the California Valley the Sierra Ne-vada lies, like a lofty
mountain chain, reaching all the way from our northern to our southern
boundary. The crest of the Sierra Nevada is so high and continuous
that for one thousand miles it shows no passes less than five thousand
feet above the sea, and yet at three points there are gateways opened
in this 'Yall, by which it may be passed but little above the sea le,~el.
These are the caiions of the Sacramento, (Pit River,) the Klamath, and
the Columbia. All these are gorges cut through this great dam by tho
drainage of the interior of the continent. In the lapse of ages the cutting down of this barrier has progressed to such an extent aR almost
completely to empty the great water hasius that once existed lwhind it,
and leave the interior the arid waste that it is-the only real desert on
the North American contiuent.
The Sierra Nevada is older than the Coast Mountains, and projected
above the ocean, though not to its present altitude, previous to the tertiary and even cretaceous ages. Tllis we learn ii'om the fact that strata
belonging to these formations coYer its base, but reach only a few hundred feet up its flanks. The mass of the Sier-ra Nevada is composed of
granitic rocks, associated ""ith which are metamorphic slates, proved by
tbe California surn'y to be of triassic and Jurassic age. These slates
are traversed in many localities by veins of quartz, which are the repositories of tho gold that has made California so famous among the mining
districts of the world.
East of the Sierra Nevada we fii:l-(1 a high and hroad plateau, five hundre<l miles in width, and from four thousand to eight thousand feet in
altitude, which stretches eastward to the base of tbe Rocky Mountains,
and reaches southward far into l\lexico. Of this interior elevated area
the Sierra Nentda forms the western margin, on which it rises like a
wall. It is evident that this mountain belt once formed the Pacific
coast; and it would seem that then this lofty wall was raised upon the
edge of the continent to defend it from the action of the ocean waves.
In tracing the sinuous outline of tho Sierra Nevada, it will ~e seen that
its crest is crowned by a series of lofty volcanic cones, and tllat one of
these is placed at each conspicuous angle in it.s line of bearing, so that it
has the appearance of a gigantic fortification, of which each salient and
reentering angle is defended by a massive and lofty to,Yer.
The central portion of the high table-lands to which I ha,~c referred
was called by Fremont the ''Great Basin," from the fact that it is a
hydrographic basin, its waters having no outlet to the ocean. 'l'he
northern part of this area is drained by the Columbia; the southern by
tho Colorado. Of these the Columbia makes its way into the ocean by
the gorge it has cut in the Cascade l\1ountains, through which it flows
nearly at the sea level; while the Colorado flows to the Gulf of California through a series of oaiions, of which the most important is nearly
one thousand miles in length, an<l from three thousand to six thousand
feet in depth. In volume 6 of the Pacific Railroad Reports I have
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described a portion of the country drained by the Columbia, and lmve
given the facts that lead me to assert that the gorge througll \vhich it
passes the Cascade l\fountains has been excavated by its waters; and
that predons to the cutting down of this barrier these waters accumulated to form great fresh-water lakes, which left deposits at an elevation
of more than two thousand feet above the present bed of the Columbia.
Similar facts were observed in the country drained by the Klamath and
Pit HiYers, and all pointed to the same condusion.
In all this region I observed certain peculiarities of geological structure that have been remarked by most of those who have traversed the
interval between the Sierra Nevada and the Rocky l\fountains. In the
northern and midrlle portions of the great table-lands the general surface
is somewlwt thickly set by short and isolated mountain ranges, which
have been denominated the "Lost .Mountains." These rise like islands
above the le\Tel of the plain, and are generally composed of volcanic or
metamorphic rocks. The spaces between these mountains are nearly
level, desert surfaces, of which the underlying geological structure is
often not easily observed. Toward the north and west, however, wherever we come upon the tributaries of the Columbia, the Klamath, or
Pit RiverR, we find the plateaus more or less cut by these streams and
tbeir substructure revealed.
Here the uuderlyiug rocks are nearly horizontal, and consist of a
variety of deposits, varyiug much in color and consistence. Some are
coarse volcanic ash, with fragments of pumice and scoria. Others I
have in my notes deuominated "concrete," as tlley precisely resemble
the old Homan cement and are composed of the same materials. In many
localities these strata are as fine and white as chalk, and, though coutaining little or no carbonate of lime, they have been referred to as "chalkbeds" by most travelers who have visited this l'egion. Specimens of this
chalk-like material gave me my first hint of the true history of these
deposits. These, collected on the head-waters of Pit River, the Klamath,
the Des Chutes, Columbia, and elsewhere, were transmitted to Professor
Bailey, then our most skilled microscopist, for examination. Almost the
last work he did before his untimely death was to report to me the results
of his observation on them. This report was as harmonious as it was
unexpected. In every one of the chalk-like deposits to which I have
referred he found fresh-water diatmnacem.
From the stratification and horizontality of these deposits, I had been
fully assured that they were thrown down from great bodies of water
that fille<l the spaces separating the more elevated portions of the iuterior
basin, and here I had evidence that this water was fresh. Since that
time a vast amount of evidence bas accumulated to confirm the general
view then taken of the changes through which the surface of this portion of our continent has passed. From Southwestern Idaho and Eastern Oregon I have now received large collections of animal and vegetable fossils of great variety and interest. Of these the plants have
been, for the most part, collected by Rev. Thomas Condon, of The Dalles,
Oregon, who has exposed himself to great hardship and danger iu his
several expeditions to the localities in Eastern Oregon where these fossils are found. The plants obtained by Mr. Condon are apparently of
miocene age, forming twenty to thirty species, nearly all new, and such
as represent a forest growth as varied and luxuriant as can be now found
on any portion of our continent.
The animal remains contained in these fresh-water deposits have come
mostly from the banks of Castle Creek, in the Owyhee <listrict, Idaho.
The specimens I have received were sent me by Mr. J. 1\-f. Adams, of
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Ruby City. They consist of bones of the mastodon, rhinoceros, horse,
elk, and other large mammals, of which the species are probably in some
cases new, iu others identical with those obtained from the fresh-water
tertiaries of the '"bad land8" by Dr. Hayden. With these mammalian
remains are a few bones of birds and great numbers of the bones and
teeth of fishes. These last are c:yprinoids allied to ]fylopharodon, ~Milo
clwilus, &c., and some of the species attained a length of three feet or
more. There are also in this collection large numbers of fresh-water
shells of tlle genera Unio, Corbicula, Jlfelania, and PlanoTbis. All these
fossils show that at one period in the history of our continent, and that,
geologically speaking, quite recent, the region under consideration was
thiekly set with lakes, some of which were of larger size and greater
depth tllan the great fresh-water lakes which now lie upon our northern
frontier. Between these lakes were areas of <lry land covered with a
luxuriant and l>eautiful vegetation, and inhabited by herds of elephants
and other great mammals, such as could only inhabit a well-watere<l
and fertile eountQT. In the streams flowillg into these lakes, and in the
lakes themselves, were great numbers of fishes and mollusks of species
whieh, like the others I have euumerated, have now disappeared. At
that time, as now, the great lakes formed evaporating surfaces, whieh
produced showers that vivified all their shores. Every year, however,
saw something removed from the barriers over which their surplus water
flowed to the Rea, and, in the lapse of time, tl1ey were drained to the
dregs. In the Klamath J_;akes, and in San Francisco, San Pablo, and
Suisun Bays, we haYe the last remnants of these great bodies of 'Yater;
while the drnin::~ge of the Columbia lalres bas been so complete that in
some instances the streams which traverse their old basins have cut two
thousand feet into the sediments which accumulated beneath their
waters.
The history of this old lake country, as it is recorded in the alternations of strata which accumulated at the bottoms of its water basim~, will
be found to be full of interest. For while these strata furnh;h evidence
that there were long intervals "\vhen peace and quiet prevailed over this
region, and animal and vegetable life flourished as they now do nowhere
on the continent, they also prove that this quiet was at times disturbed
by the most violent voleanic eruptions, from anumberof distinct centers
of action, but especially from the great craters which crowned the summit of the Sierra Nevada. From these came showers of ashes whieh
rnnst have covered the land and filled the water so as to destroy immense
numbers of the inhabitants of both. Tbe~e ashes formed strata which
were, in some instances, ten or twenty feet in thiekness. At other times
the volcanic action was stillmore intense, and floods of lava were poured
out, which formed continuous sheets hundreds of miles in extent, penetrating far into the lake basins, and giving to their bottoms iloors of
solid basalt: vVhen these cataclysms had. passed, quiet was again ~e
stored, forests again covered the land, herds dotted its pastures, fishes
peopled the waters, and fine sediments abounding in forms of life accumulated in new sheets above the strata of cooled lava. The bauks of
the Des Chutes Hiver and Uolum bia afford splendid sections of these
lake deposits, where the history I have so hastily sketched may be read
as from an open book.
But it will be said that there are portions of the great central plateau
which have not been drained in the manner I have described. For here
are basins which have no outlets, and which still bold sheets of water of
greater or less area, such as thosA of Pyramid Lake, Salt Lake, &c. The
history of these basins is very different from that of those already
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mentioned, and not Jess interesting or easily read. By the complete
drainage of the northern and southern thirds of the plateau through
the channels of the Columbia and Colorado, the water surface of tllis
great area was reduced to the tenth or hundredth part of tho spaee it
previously occupied. Hence the moisture suspended in the atmosphere
was diminished in like degree, and .the dry hot air, sweeping over the
plains, licked up the water from the unrlrained lakes until they were reduced to their present dimensions. Now, as :formerly, they receive tlle
constant flow of the st.reams that drain into them from the mountains
on the east and west. But the evaporation is so rapid that their dimensions are not only not increased thereby, but are steadily diminishing from year to year. .Around many of these lakes, as Salt Lake, for
example, just as around the margins of the old drained lakes, we can
trace former shore lines and measure the depression of the water level.
Many of these lakes of the Great Basin have been completely dried up
by evaporation, and now their places are marked l>y alkaline plains or
"salt flats." Others exist as lakes only during a portion of the year,
and in the dry season are represented l>y sheets of glittering salt. Even
those tllat remain as lakes are necessarily salt, as they are but great
evaporating pans where the drainage from the mountains-which always contains a portion of saline matter-is concentrated by the sun and
wind until it becomes a saturated solution and deposits its surplus salts
upon the bottom.
The southern portion of the great central table-land-that which bas
been denominated the Colorado plateau-is almost without mountain
barriers or local basins, and we therefore find upon it fewer traces of
ancient lakes, though they are not entirely wanting. It isapparent,however, that this high plateau, which stretchesawayforsevera.l hundred miles
west of the Hocky Mountains, was once a beautiful and fertile district.
rrhe Colorado draining then, as now, the western ranges of the Rocky
Mountains, spread over the surface of this plateau, enriching and vivi·
fying all parts of it. When it reached the western margin of the tableland, howeYer, it poured over a precipice or slope five thousand feet in
height, into the Gulf of California, which then reaehed several hundred
miles farther north than now. In process of time the power developed
by this stupendous fall cut away the rock beneath the flowing water, and
formed that remarkable gorge to which I have already referred. This
gorge is nearly one thousand miles in length and from three thousand
to six thousand feet in depth, and is cut through all the series of sedimentary rocks from the tertiary to the granite, and has worn out the
granite to a depth of fi'om six hundred to eight hundred feet. Just in
proportion as the Colorado deepened its channel, the region bordering
it became more dry, until ultimately the draina,ge from the mountains
passed through it, in what may be eYen termed underground channels,
and contributed almost nothing to the moisture of the surrounding
country. The reason why the \Tails of this canon stand up in such
awful precipices of thousands of feet is, that the perennial flow of the
stream is derived in far distant mountains; almost no rain falls upon
its banks, and when any portion of the bordering cliff bas passed beyond the reach of the stream, it stands almost unaffected by atmospheric
influences.
On the east of the Rocky Mountains lies the country of the ''Plains,"
a region not unlike in its topography to the great plateau of the West,
but differing in this, t.h at it is not bordered on the east by a continuous
mountain chain; that it slopes gently downward to the Mississippi, and
that its eastern half has been so well watered tllat its valleys haYe been

GEOLOGICAT, SURVF.Y OF THE TERRITORIES.

335

made broad and all its topographical features softened down. In former
times, however, the topographical unity now conspicuous on the Plains
did not exist, and the surface was marked by a series of great basins
which received the flow of water from the Rocky l\fountains and formed
lakes, less numerous, it is true, but of greater extent than those of the far
West. The northern portion of the eastern plateau has been Dr. IT ayden's
chosen field of exploration for many years; a :field he has well tilled, and
from which be bas obtained a harvest of scientific truth which will form
for him an enduring and enviable monument.
Among the most interesting researches of Dr. Hayden in this region
are the studies he has made of the deposits which have accumulated in
these great fresh-water basins. The story he has written of his explorations of this <listrict has been so well and fully told that I Hhall not
attempt to reYiew it. Snffice it to say, that the sedes of fresh-·water
basins discovere<l by Dr. Hayden in the country bordering the Upper
1\Iissouri have proved to be as rich in new and interesting forms of animal
and vegetable life as any that have been found upon the earth's surface.
The vertebrate remains collected by Dr. Hay<len have been carefully
studied, fully described and illustrated by Dr. Leidy, and the splendid
monograph which he has published of these fossils forms a contribution to paleontology not second in Yalue or interest to that made by
Onder in his illustrations of the fossils from the Paris basin; nor to
that of Falconer and Cantley, <lescriptive of the fossils of the Sewalik
Hills of ln<lia.
The scarcely less voluminous and interesting collections of fossil
plants made by Dr. Hayden have been placed in my hands for examination. Of these, the first installments were described and drawn some
years since as a contribution to the report of Colonel ,viol. F. Raynolds,
United States Army, a rtport not yet published by the Government.
The descriptions, however, were printed in the annals of the Lyceum of
Nat ural History of New York, vol. 0, 1868.
The general conclusions drawn from a study of this portion of Dr.
Hayden's collections as regards the floras of the tertiary and cretaceous
periods, the topography and climate of the interior of the continent-and
which form a part of my contribution to Colonel Raynolds's report-will
be found quoted on another page. Since that report was written very
large additions have been made to our knowledge of our late f'xtinct
floras, by collections of fossil plants made in different portions of the
western part of our continent by Dr. Hayden, Mr. Condon, Dr. LeConte,
and myself; and also by th~ collections made by l\ir. vY. H. Dall and
Captain lloward in Alaska, and by several explorers on the continent
of Greenland.
Deferring for the present a comparison of the plants derived from
strata of similar age in these widely separated. localities, and the inferences deducible from them as regards the physical geography of our
continent, I should say that the flora and fauna of the lake deposits on
both sides of the Rocky l\Iountains apparently belong to one and the
same geological age, and tell the same story in regard to the topograph~~,
cli::nate, conditions, and dev-elopment of animal and vegetable life. There
is this strikiug difference, however, perceptible at the first glance between tlw tresll-water tertiaries of the East and West. In Oregon, Idaho,
and Nevada, volcanic materials have accumulated in the lake basins to
a much greater extent than east of the Rocky l\1onntains; and we have
abundant evidence that during the tertiary period the western margin
of the continent was the scene of far greater volcanic activity than we
have any record of in the Rocky ¥ountain belt.
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The deposits formed by the lake basins of the Upper :Missouri region
are shales, marls, and earthy limest~mes, with immense quantities of lignite, but with almost no traces of volcanic products. The number of fossil
plants and animals is much greater there than farther we8t; and we have
in these deposits proof that during unnumbereu ages this portion of the ·
continent exhibited a diversifieu and beautiful surface, which sustained
a luxuriant growth of vegetation and an amount of animal life far in
excess of what it bas done in modern times. This condition of things existed long enough for hundreds and even thousands of feet of sediment-s
to accumulate in the bottoms of extensive fresh-water lakes. These
lakes were gradually and slowly diminished in area by the filling up of
their basins and by the wearing away of the barriers over which passed
their gently flowing, draining streams. Since the deposition of the
fresh-water tertiaries which occupy the places of the old lakes, great
changes have taken place in the topography of this region by the upheaval of portions of the Rocky 1\1ountain ranges. In some localities
these lake deposits are found turned up on edge and resting on the
flanks of the mount:1ins which border the plains on the west. It is certain, however, that much of the Rocky Mountain belt existed anterior
to this date. We have in these, and many other facts that might be
cited, proofs of the truth of the assertion I have elsewhere made that
these great mountain chains, tl10ugh existing at least in embryo from
the earJiest paleozoic ages, have since then been subject to many and
varied modifications; that they have been, in fac.t, binges upon which
the great plates of the continent have turned ; lines of weakness where
the changes of level experienced by the continent have been most sensibly feU.
It is a somewhat remarkable fact that the collections of fossil plants
made by Dr. Hayden ii·om different localities differ so much amoug
themselves. In every uewly, cliscoYered plant-bed he bas obtained more
or less species of which we before had no knowledge, all<l it is even true
that between some of his collections there are no connecting links. It is
also true that much of the material he has collected has not yet received
the study it needs. From these facts it will be seen that much yet remaills to be done before the great interval of time during which this series
of fresh-water tertiaries accumulated can be divided into definite periods,
and before we can venture to affirm that such an epoch had a flora of
snch or such a botanical character, and, therefore, this or that average
an11ual temperature. Some interesting facts came out, however, at once
in the examination of these materials; to these I will briefly refer.
In the beginning of the cretaceous age, North America, as we learn,
presented a broad land surface, having a climate similar to the present,
and covered with fotests consisting, for the most part, of trees belonging
to the same genera with those t.hat now flourish upon it. In the progress
of the cretaceous age, the greater part of the continent west of the Mississippi sank beneath the ocea11, and the deposits made during the· later
portions of the cretaceous age contain a vegetation more tropical in
character than that which had preceded it. It seems probable that at
this time the lands which existed as such west of the Mississippi were
islands of limited extent, washed by the Gulf Stream, which apparently
bad then a course north and west from the Gulf of Mexico to the Arctic
Sea.
The earlier tertiary epochs were, however, marked by an emergence of
the continent and a gradual approach to previous and present conditions.
This is indicated by the fact that the oldest tertiary deposits (eocene~)
contain a flora less like the present than is that of the miocene or middle
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tertiary. In this category of older deposits, with a more tropical flora, I
would place the Green River tertiary beds, those of l\Iississippi, studied
by Lesquereux, and those of Brandon, Vermont.
In the miocene age the continental surface was broader, the lake
basins of the West contained only fresh water, and the land surface
was covered with vegetation very much like that of the present day, a
number of miocene species still existing. The climate of the continent
in the miocene age was much milder than now. Fan-palms then grew
aR far north as the Yellowstone River, and a flora flourished in .Alaska
and on Greenland as varied and as luxuriant as now grows along the
fortieth parallel. .At this time there must have been some sort of land
connection between our continent and Europe on the one hand and .Asia
on the otller. The flora of all these regions 'vas essentially the same,
and a large number of plants were common to the three continents. In
this age the mammalian fauna of our continent exhibited the same remarkable development that it did in Europe and .Asia; and over our
western plains roved herds of great quadrupeds, rivaling in number
and variety those that have struck with \\Onder and surprise every
traveler in South .Africa.
Thi~ state of things seems to have continued through the vliocene
age and up to the time when the climate of the continent was completely
revolutionized by tlw advent of the "ice period.'' The change which
took place at that time \las such as taxes the imagination to conceive
of as much as it taxes the reasoning powers to account for.
'Ve have seen that in tbe middle tertiary age the climate of .Alaska
and Greenland was that of New York and St. Louis at present. In the
next succeeding period, the glacial epoch, the present climate of Greenland was brought down to Now York, and all the northern portion of
the continent wrapped in ice and snow. This change \las undoubtedly
gradual, (for nature does not often "turn a corner,") but it is plain that
it must haye resulted in the gradual driving southward of all the Yariecl
forms of animal and vegetable life that were spread over the continent to
the .Arctie Sea. When glaciers reached as far south as the fortieth parallel
it is evident that a cold, temperate climate prevailed in l\Iexico, and that
only in the south of l\lexico would the aYerage annual temperature have
been wlmt it was predously in the latitude of New York. \Ve must con.
elude, therefore, that the herds of mammals which once covered the plains
of the interior of North .America \vere forced by the advancing cold into
such narrow limits in Southern J\Iexico that nearly all were exterminated.
Plants bore their expatriation better; inasmuch as a tree, even of the
most gigantic size, will live upon the space occupied by its roots, provided the climatic conuitions are favorable ; while one of the larger
mammals would require at least a thousand times this space for its support. As a consequence, we find the present flora of our continent much
more like that of the miocene than is our fauna, though the change to
which I haye referred seems to have been fatal to quite a number of the
most abundant and interesting of our miocene forest trees. Of these,
the Glyptostrobus may be taken as an example. Thi~ was a beautiful
conifer wllich, in miocene times, grew all over our continent and over
Northern Europe. In the change to the glacial period, howeYer, it was
exterrninateu, both there and llere, yet continued to exist in Ohina,....where a miocene colony from .America had taken root-and it is growing
there at the present time. This great ice-wedge which came down from
the north separated very \\idely many elements in our miocene flora
which have never since been reunited, so that when the storm had
passed and better days had come, and the l\'lississippi Valley and Atlan22 G
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tic States were repossessed by the descendants of the tertiary plants,
they were still separated, by many thousand miles, from their brethren
which had formerly crossed the now submerged bridge of Behring's
Straits; and thus the two kindreds have been growing, and flowering,
and seeding, and dying in each colony far beyond the reach of the other
and developing their peculiarities each in its own way from generation
to generation. When now we come to compare the present flora of
China and Japan with that of the eastern half of our continent, we find
the strongest proofs of their intimate relationship. Many of the species
are identical, while others are but slightly changed, and, on the whole,
the differences are less than such as have grown out of separation in
human kindred colonies in an infinitely shorter period.
Among the great mammals that formerly inhabited our continent,
but such as are now extinct, there were some which seem to have bid
defiance to the changes I have detailed. These were particularly the
mastodon and elephant, both of which were probably capable of enduring great severity of climate. The mammoth, we know, was well defended from the cold by a thick coat of hair and wool, and was probably
capable of enduring a degree of cold as severe as that in which the
musk-ox now lives. We know that both these great monsters-the
elephant and mastodon-continued to inhabit the interior of our continent long after the glaciers had retreated beyond the upper lakes,
and when the minutest details of surface topography were the same
as now. This is proven by the fact that we not unfrequently find them
embedded in peat in marshes which are still marshes, where they have
been mired and suffocated. It is even claimed that here, as on the
European continent, man was a cotemporary of the mammoth, and that
here, as there, he contributed l~rgely to its final extinction. On this
point, however, more and better evidence than any yet obtained is
necessary, before we can consider the cotemporaneity of man. and the
elephant in America as proven. The wanting proof may be o-btained
to-morrow, but to-day we are without it.
The pictures which geo1og,y holds up to our view of North America
during the tertiary ages are in all respects, but one, more attractive
and interesting than could be drawn from its present aspects. Then a
warm and genial climate prevailed from the Gulf to the Arctic Sea; the
Canadian highlands were higher, but the I-tocky Mountains lower and
less broad. :Most of the continent exhibited an undulating surface,
rounded hills and broad valleys covered with forests grander than any of
the present day, or wide expanses of rich savannah, over which roamed
countless herds of animals, many of gigantic size, of which our present
meager fauna retains but a few dwarfed representatives. Noble rivers
flowed through plains and valleys, and sea-like lakes, broader and more
numerous tha:n those the continent now bears, diversified the scenery.
Through unnti.mbered ages the seasons ran their ceaseless course., the sun
rose and set, moons waxed and waned over this fair land, but no human
eye -.,vas there to mark its beauty, nor human intellect to control and use its
exuberant fertility. Flowers opened their many-colored petals on meadow and hill-side, and filled the air with their perfumes, but only for the
delectation of the wandering bee. Fruits ripened in the sun, but there
was no hctnd there to pluck, nor any speaking tongue to taste. Birds
sang iu the trees, but for no ears but their own. The surface of lake or
river was whitened by no sail, nor furrowed by any prow but the breast
of the water-fowl; and the far-reaching shores echoed no sound but the
dash of the waves and the lowing of the herds that slaked their thirst in
the crystal waters.
1
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• Life and beauty were everywhere, and man, the great destroyer, had
not yet come; but not a.U was peace and harmony in this Arcadia. The
forces of nature are always at war, and redundant life compels abundant
death. The innumerable species of animals and plants had each its
hereditary enemy, and the struggle of life was so sharp and bitter that
in the lapse of ages many genera and species were blotted out form'er.
The herds of herbivores-which included all the genera :now living on
the earth's surface, with many strange forms long since extinct-formed
the prey of ·carnivores commensurate to these in power and numbers.
The coo of the dove and the whistle of the quail were answered by the
scream of the eagle, and the lowing of herds and the bleating of flocks
come to the ear of the imagination mingled with the roar of the lion, the
howl of the wolf, and the despairing cry of the victim. Yielding to the
slow-acting but irresistible forces of nature, each in succession of thefl!e
various animal forms has disappeared till all have passed away or been
changed to their modern representatives, while the country they inhabited, by the upheaval of its mountains, the deepening of its valJeys, the
filling and draining of its great lakes has become what it is.
These changes which I have reviewed in an hour seem like the swiftlyconsecutive pictures of the phantasmagoria or the shifting scenes of the
drama, but the mons of time in which they were effected are simply infinite
and incomprehensible to us. We haYe no reason to suppose that t6rra
firma was less firm, or that the order of nature in which no change is
recorded within the historic period, was less constant then than now.
At the present rate of change-throwing out man's influence-a period
infinite to us. would be required to revolutionjze the climate, flora, and
fauna, but there is no evidence that changes were more rapid during the
tertiary ages.
Every day sees something taken from the rocky barrier of Niagara ;
and, geologically speaking, at no remote time our great lakes will have
shared the fate of those that once existed at the far West. ..AJready t,l;wy
have been reduced to less than half their former area, and the water level
bas been depressed three hundred feet or more. This process is pretty
sure to go until they are completely emptied.
'rhe cities that . now stand upon their banks will, ere that time, haYe
grown colossal in size, then gray with age, then have fallen into deeadence
and their sites be long forgotten, but in the sediments that are no'v
accumulating in these lake basins will lie many a wreck and skeleton,
tree trunk and floated leaf. Near the city sites and old river mouths
these sediments will be full of relics that will illustrate and explain the
mingled comedy and tragedy of human life. These relics the geologist
of the future will doubtless gather and study and moralize over, as we
do the records of the tertiar;y ages. Doubtless be will be taught the
same lesson weare, that human life is infinitely short, and human achievement utterly insignificant. Let us hope that this future man, purer in
morals and clearer in intelleet than we, may find as much to admire in
the records of this first epoch of the reign of ma.n as we do in those or
the reign of mammals.

4
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IV.-REPORT ON THE VERTEBRATE FOSSILS OF
THE TERTIARY FORl\IATIONS OF THE \VEST.
BY PROF. JOSEPH LEIDY.

In the present report the writer has simply given a brief notice of
the various vertebrated animals whose fossil remains have been collected
in the tertiary deposits of the "\Vest. For a fu11 account of most of the
extinct mammals which are subjects of notice, the reader is referred to
the work entitled " The Extinct 1\Iammalian Fauna of Dakota and N ebrm;ka," published in the seventh volume of the Journal of the Academy
of Natural Sciences of Philadelphia. 1\Iore or less full accounts of the
other animals, also the subjects of notice, are published in Owen's Geological Survey, the :fifth volume of the Pacific Railroad Reports, the contributions of the Smithsonian Institution, and the Proceeuings of the
Academy of Natural Sciences of Philadelphia.
The vertebrate fossils collected in Professor Hayden's last two expeditions, though forming part of the material of the report, will be more
fully described and illustrated in an extended treatise in future.
The short time allowed for the preparation of the report amid the
many duties of the writer, must serve as his apology for its imperfect
character.
The tertiary formations of the North American continent west of the
:Mississippi, so far as they have been explored, in the States and Territories of Kansas, Dakota, Nebraska, Wyoming, Colorado, Idaho, California, and Oregon, have yielded a great quantity of remains of v·ertebrated animals, indicating different races which existed in earlier nges,
and which have entirely passed away. The principal deposits from
which the greater number of fossil remains have been obtained are
thO'Se of the rncmvaises terres of "\Vhite River, Dakota, those of the
valley of the Niobrara River, Nebraska, and the Bri<lger Group of rocks,
near Fort Bridger, "\Vyoming. The deposits especially referred to appear to be all of fresh-water origin, and to have belonged. to the mi<ldle
and later tertiary epochs.
l\lost of the vertebrated remains submitted to the examination of the
author are part of the valuable fruits of the geological explorations of
Professor Hayden, either engaged in expeditious of others, or under his
own control. 1\Iauy llaYe l>een obtained in the explorations of Dr.
Da\rid Dale Owen, Dr. John E''ans, l\lr. P. B. 1\.feek, l\Ir. Clarence King,
aml others.
By far the greater number of vertebrated remains are those of
mammals, though some of. the same or cotemporaneous formations are
rich in the evidences of reptilian life, and likewise those of fishes.
1\IAl\iMALIA.
The mammalian remains of the western tertiary formations appear
· mainly to belong to tlw miocene period, though many eYidently pertain
to a later age tlmn the others, and most likely belong to the pliocene
period. Perhaps also a few of the remains belong at least to the later
part of the eocene period, especially those found in the lowest strata of
the nta~tva-ises terres of White River, Dakota, and those found in the
Bridger Group of tertiary rocks of Wyoming.
The fossil remains of mammals thus far collected in the western
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tertiary formations indicate npwnrds of one hundred species, mostly of
extinct genera, and many of those peculiar to the North American contin(:mt. Notwithstanding the large number mentioned, it is but a
meager representation of the extensive fannffi to which they belonged.
Probably, also, it is but a small proportion of the number which will be
discovered in future explorations. The fossils represent nearly all the
orders, especially those of Carnivora, Ruminantia, Artiodactyla, Perrissodactyla, and SolidungulctJ. The Rodentia, and Insectivora are altl!o fairly
represented. No remains of Quadntmmw, CheiropteYa, and, singularly
enough, of Mars~tpialia, have been discovered.
CARNIVORA.
The carnivorous order of mammals is well represented by remains in
the tertiary deposits of our Western Territories. The number and
variety of the fossils indicate a development proportionate to the teeming
population of cotemporaneous herbivora which supplied the flesh-eaters
with food.
CANIDJE.

The canine family during the pliocene was represented, as in later
times, by several species of wohres; during the miocene period it was
represented by an allied and subsequently extinct genus, the Amphicyon,
which also existed cotemporaneously in Europe.
CANIS,

The genus to which our wolves, dogs, and foxes belong.
Oanis smvus.-An extinct species of wolf, probably a near relative, if
not the progenitor of the existing American wolf, ( Oanis occidental is,) is
indicated by portions of two lower jaws obtained by Professor Hayden .
from the sands of the Niobrara River, Nebraska.
Canis temerari~ts.-A second species of wolf, intermediate in size with
the prairie wolf (Oanis latrans,) and the red fox ( Oanis fulvus j) is indicated by fragments of jaws found in company with the preceding specimem~.

Canis vafer.-A species of fox, about the size of the living swift fox
(Canis velox,) is indicated by portions of jaws obtained by Professor·
Hayden, in association with the preceding specimens.
Oanis Haydeni.-An extinct species, of more robust proportions than
any of the living American wolves; indicated by the greater portion of
one side of a lower jaw; also found by Professor Hayden in the same
locality as the former specimens.
The remains of four species of wolves found in association, in the
Niobrara sands, indicate that these ravenous animals were abundant
during the later tertiary period. Their number appears to han~ held a
relationship with the cotemporaneous abundance of herbivorous animals.
Al.""\fPIIICYON •

.An extinct genus of carnivorous animals, to which the above name
has been given, was established on fossil remains discovered in the
middle tertiary deposits of France and Germany. The general form and
construction of the skull and the character of the teeth indicate a near
relationship in the animals of this genus to the wolves. A dozen species
have been indicated as. having formerly lived in Europe; one of them
having been viewed b}- envier as a "dog of gigantic proportions."
The remains of two species referable to the same genus have been dis-

342

GEOLOGICAL SURVEY OF THE TERRITORIES.

covered in the miocene tertiary deposits of the JJ1auvaises Terres of White
River, Dakota. They are as follows:
Amphicyon vetus.-A species about the size of the living prairie wolf
( Oan·is latrans,) indicated by the mutilated cranium and fragments of
jaws, with teeth; discovered by Dr. John Evans and Professsor Hayden.
Amphicyon gracilis.-A small species, less in size than any of the existing American foxes. It is indicated by fragments of jaws, ·with teeth,
and the facial portion of a skull of several individuals; all discovereu by
Professor Hayden.
HYJENODONTIDJE

Is the name given to an extinct and remarkable family of animals,
exhibiting a relationship to the canine family on one hand, and the feline family on the other, together with ties to others.
·
HYJENODON.

One of the most remarkable extinct genera of carnivorous animals is
that to which the above name has been given. It belongs to no existing family, and, indeed, is so peculiar as to have become the type of an
independent family. In anatomical character it partakes of those of
the wolf, the tiger, the hyena, and the weasel, the raccoon, and the .
opossum. Originally discovered in France, the remains of five or six
species have been obtained from the lower miocene and upper eocene
formations of that country. Three .American species are indicated by
fossil remains obtained in the lower miocene tertiary beds of the 1\/fau--v---aises Terres of \Vhite River, by Dr. John Evans~ Dr. Benjamin Shumard, Professor Hayden, and }1r. :M:eek. These species are as follows:
Hymnodon hor-ridus.-The largest known species, and one of the most
sanguinary of terrestrial mammals that has ever existed. Cotemporaneous with a multitude of herbivorous animals, many of which were
gregarious in extensive herds, it was no doubt a fearful scourge to
them. It is indicated by the greater portions of three skulls, together
\Vith fragments of jaws and teeth of other individuals. The size of
the animal was about equal to that of the largest black bears. The
specimens of jaws and teeth discovered have afforded us a view of the
entire dentition of the animal, which is truly formidable. Besiues the
powerful canine teeth, the series of molars affords the unusual exhibition of three teeth, constructed nearly after the model of the single sectorial tooth of other carnivorous mammals, though the last one alone
reaches the full development of the corresponding tooth in the latter.
The true sectorial molars of hyrenodon, the last of the series of teeth,
are constructed like those of the lion and tiger. These teeth, the
broadest and strongest of all, combine the mechanism of the wedge
and the scissors, and are admirably adapted to cutting animal tissues,
including bones.
The large temporal fossm occupJ"ing the sides of the skull, and separated only by a long and high median ridge, sufficiently prove the
great power of the muscles which operated on the long levers of the
lower jaw. Certainly no other animal which lived cotemporaneously
\nth this formidable creature could have resisted its power. The skull
of the species measures about a foot in length.
Hywnodon crucians.-This is the name given to a species not much
exceeding in size the red fox (Canis fulmts.) A half dozen imperfect
skulls of the animal, together with fragments of jaws and teeth, an<l
other bones, have been discovered. Though small, compared with the
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preceding species, this one was no doubt equally destructive to the
smaller herbivorous animals.
Hycenodon cruentus.-A species thus named, intermediate in size to
the two foregoing, is indicated by several fragments of jaws and teeth
found in association with the remains of the former.
FELIDJE.

The feline animals forming the family with the above name were
well represented among the carnivores of both the middle and later
tertiary periods of Dakota and Nebraska.
PSEUDJEL URUS.

This genus, differing from that of felis or the true cats only in the
possession of an additional small tooth to the molar series of the lower
jaw, was originally named from remains found in the middle tertiary
formation of France.
Pse'ltdcclurtts intrepidtts.-This species is indicated by a well-preserved
lower jaw, discovered by Professor Hayden in the pliocene sands of
the Niobrara Valley of Nebraska. It was intermediate in size to the
panther (Felis concolor) and the lynx, (Felis canadensis,) and in anatomical character and habits was no doubt very similar.
DREPANODON.

This remarkable feline genus, fortunately for animals of a more peaceful nature, now utterly extinct, during the tertiary period appears to
have had a wide range of distribution throughout the earth. Its remains have been discovered in the middle and later tertiary formations
of Western Europe, Greece, the sub-Himalayan 1\iountains of Asia, and
of both Americas. Several of the larger species equaled in size the
lion and tiger, an<l, judging from their formidable array of destructive
weapous, were of even greater ferocity. In comparison with the existing feline animals they are especially marke<l by the greater proportionate size an<l compressed form of the upper canine teeth, which have
gi\en to the animals the name of saber-toothed tigers.
Two species of the genus appear to l.m,Te inhabited Dakota during
the formation of the mauvaises terres deposits of White River.
Drepanndon prinu:cmts.-..A_ species not quite so large as the living
• pantber is in<licated by a number of skulJs, jaw fragments \Yith teeth,
and other bones, first collected by the late Drs. Evans and Shumard, and
subsequently by Professor Hayden and 1\Ir. 1\Ieek. Two of the skulls
that ha\e been found exhibit the marks of conflict with some equally
rapacious animal, most probably the largest Hyccnodon, as the <lepressions made by the teeth on opposite sides of the specimens exactly correspond with the prints of the canines of the latter.
Drepanodon occidentalis.-The second species, indicated by several jaw
fragments, discovered by Dr. Hayden, was about the size of the existing panther.
DINICTIS.

This name bas been appropriated to an extinct genus of feline ani- .
mals, represented by remains, thus far only discovered in the ?nauvaises
teTres miocene deposits of '\Vhite River, Dakota. ~tis nearly allied to
the preceding genus, but differs from it in the possession of two ad<litional teeth to the molar series of the lower jaw.
Dinictis fclina.-A unique species, indicated by two nearly complete
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skulls, both discovered by Professor Hayden. The animal was rather
less in size tuan the existing panther, and about egualed the smaller species of D-repanodon, with yvhich it was cotemporaneons. It possessed the
same formidable character of upper canines as in the latter genus. From
the number and disposition of the teeth, according with those of the
weasel, it has been called the saber-toothed weasel. The skull measures
six and a quarter inches in length .
.lELURODON.

An extinct genus, probably feline, perhaps canine, distinguished by
the above name, is founded on an isolated tooth discovered b,y Professor
Hayden in the pliocene sands of the Niobrara Valley. The tooth is an
upper sectorial molar, and is intermediate in character to that of the
wolves anti cats .
..lElurodon ferox.-The species was nearly as large as the Bengal tiger.
P .A.TRIOFELIS.

This name haR been appropriated to another extinct and supposed
feline genus, founded on fragments of a fossil jaw obtained by Professor Hayden from the tertiary formation near Fort Bridger, vV;yoming.
Patr·iof~lis ulta.-The species was rather larger than our panther.
The length of its lower jaw is about six inches.
LEPT.ARCTUS.

An extinct genus, to which the above name has been given, is inferred to have existed during the tertiary period, from a single tooth
discovered by Professor Hayden, in association with remains of extinct
equine genera, at· Bijon Hill, east of the :Missouri Hiver, auont ten miles.
below the mouth of 'Vhite River, Dakota. The tooth apparently indicates a carnivorous animal allied to the living coati of South America.
Leptarct'lts prinws.-The species was about the size of the raccoon.
NOTITA.RCTUS.

An extinct genus, with tue above name, is founded on a portion of
the lower jaw, obtained during the last expedition of Professor Hayden.
It was discovered on Black's Fork, and pertains to the Bridger tertiary
deposit.
Notharct'lts tenebros'lts.-The species distinguished by this name was
about two-thirds the size of the raccoon, to which it was also related.
RU.MINANTIA.
The ruminating or(ler of mammals is represented by an abundance of
remains in the western tertiary deposits~ l\iost of the members not only
belong to extinct genera, but to such as are peculiar to theNorth American continent.
BOVID1E.

Bison.

•

Our western buffalo, or bison, was probably represented during
the po_st-pliocene or quaternary period by a much larger animal, the
remains of which ha-ve been found, in aRsociation with those of tlle
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American mastodon, both in the eastern and western portions of the
continent.
Bison la.tifrons.-The great extinct bison of America was originally
indicated by a portion of a skull discovered on a tributary of the Ohio
River about a dozen miles from the famous deposit of l>ones, Big-Bone
Lick, Kentucky. Remains have also been found in the latter locality, on
the Brazos River, Texas, and elsewhere. The cranial portion of a skull,
apparently of the same species, was discovered in California, by \Valter
Brown, of San Frmwisco, and was presented to the Academy of Natural
Sciences of Philadelphia. The species was about as large as the li\ing
buffalo or arnee of India and Java.
· OREODON1'IDJE.

The above name is given to an extinct family of animals, the remains
of which, discovered in the Western Territories of the United States,
indicate that during the tertiary pt'riod it embraced many genera and
species. The members of the family in anatomical character exhibit
strong suilline affinities, while the structure of their grinding teeth
indicate them to have chewed the cud like our ruminating animals.
Their feet were constructed nearly as in the hog, and, as in this animal,
were provided with four toes.
The skull of the oreodonts approaches in form that of the peccari~s.
The cranial portion resembles that of the camel, and, as in this, is hornless. The temporal fossm are large and separated by a median sagittal crest, as in the cameL The orbits are closed behind by an arch, as
in the latter, and other living ruminants. Large and comparatively
deep <lepressions occupy a position just in advance of the oPbits, as in
the living deer family, but no unossified spaces occupy any pnrt of the
face. The teeth in botll jaws form nearly unbroken arches, a condition
in which we find none of the allied living families, and but few of any
other living mammalia. vVell-developed incisors occupy both jaws, such
as exist alone in the lower jaw of living ruminating animals. The
canine teeth approach in character most nearly those of suilline animals. The grinders are constructed like those of the living ruminants,
resembling most nearly those of the deer family.
OREODON.

The remains of this genus are of all .other fossils the most abundant
of those which have been discovered in the miocene tertiary deposits of
the rnauvaises terres of 'Vhite River, Dakota. Two species especially,
judging from tlle great quantity of their remains which have been collected, appear to have formerly existed. in immense numbers. They
were most likely gregarious, in the manner of the existing peccaries, and,
like the modern bison, roamed together in great herds over the extensive prairies of the West. Compared with the latter animal they were
insignificant in size, and in this respect approached the former.
Oreodon Oulbcrtsoni._._TIJis species, the remains of which have been discovered in the greatest abundance, was first brought to our notice by
J.\>Iessrs Alexander and Thaddeus Culbertson. These gentlemen, brothers,
engaged. in the fur trade, were the first to collect fossils from the mauvaises
terres, and place them in the hands of naturalists. Oreodon Oulbertsoni,
named in their honor, was intermediate in size and appenrance to the domestic sheep and the collared peccary. Skulls, fragments of jaws with
teeth, and other bones of the skeleton of upwards of a tllousand individuals of this species llave come under the inspection of the writer. In the
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large number of specimens representing so many individuals, considerable variation in the details of structure have been noticed. The fossils
also exhibit great variety in the condition of preservation. Among them
are some crushed in such a way as to indicate that the condition was due
to the bite of certain of the powerful carnivores which were contemporaneous with the animals.
Oreodon gracilis.-A small species, about the size of a musk deer; was
an associate of the former. It wns probably equally abundant, but the
greater delicacy of its skeleton rendered it more liable to a variety of accidents insuring destruction.
Oreodon major.-Alarger species than either of the former, indicated by
a few remains, among them a nearly entire and well-preserved skull, discovered by l">rofessor Hayden in ·the mauvaises terres deposits of White
River. The skull measures aboutteninchesinlength; and the animal was
about as large as the ordinary wolf or the largest-sized dog. The species is
remarkable for the large size of its ear capsules, which not only greatly
exceeded in proportion those of the Oreodon Culbertsoni and U. gracilis,
but are larger than in the existing hog. What relationship the inflated
or enlarged condition of the ear capsules has with the acuteness of hearing or the habits of animals has not been clearly indicated. The comparative scarcity of the remains of Oreodon major in the localities in
which those of the preceding species were obtained leads me to suspect
that the former was probably not cotemporaneous with the latter, or
at least did not inhabit the same places.
A few remains from the rnauvaises terres of White River, which the
writer had referred to two species of oreodon, distinct from the preceding
under t.he names of Oreodon affinis and 0. hybridus, I suspect to have pertained to hybrids; probably of 0. gracilis and 0. major.
In 1866, Professor Hayden obtained among a number of remains of
Oreodon Culbertsoni, from the mauvaises terres, a specimen of a skull,
agreeing in size, form, and details with that of the species just named,
except that it had the ear capsules proportionately as well developed as
in 0. majm·. I referred it to a distinct species with the name of Oreodon
bullatus, but I suspect it pertained to a hybrid between 0. ~major
and 0. Culbertsoni. It is not unlikely that Oreodon major may have lived
in a locality skirting that inhabited by the species 0.· C~tlbertsoni
and 0. gracilis. The intimate relationship anatomically and physiologically would readily allow of the hybridization which has been suspected.
Oreodon superbus.-Last autumn the writer received through the
Smithsonian Institution, for examination, a collection of mammalian
fossils from the Reverend Thomas Condon, of Dalles City, Oregon.
They were mainly collected in the valley of Bridge Creek, a tributary of
John Day's River, Oregon. The fossils in general appearance 'and condition of petrifaction resemble those of the rnauvaises terres of vVhite
River, Dakota.
The greater number and more striking specimens belong apparently
to a species of oreodon larger than any of those from the locality last
named. The skull of the animal was about fourteen inches in length.
The ear capsules are inflated and proportionately as large as in 0. rnajor.
The face is rather more abruptly narrowed in advance of the orbits than
in the latter; the infi·a-orbital arches are proportionately deeper, and
the lachrymal depressions are shallower. The teeth haye the same constitution as in the rna~tmaises terres oreodons, but the canines and. premolars are proportionately ·wider and thinner, and thu~ appear of a more
compressed character. The inferior canine tooth, at the base of the
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crown is an inch in breadth fore and aft. The species I have distinguished
by the name heading this article.
1\lingled with the remains of 0. superbus are a few fragments, apparently referable to 0. Oulbertsoni.
MERYCOCH<ERUS.

As the name of the genus indicates, a ruminating hog, like oreodon,
and pertaining to the same family. It is closely related to the latter
genus, and perhaps by many naturalists would be regarded as the same.
Its chief differences consist in the proportionately great depth of the
infra-orbital arch, the abruptly-narrowed face, the comparatively-shallow
lachrymal depression, and the more posterior position of the infra-orbital foramen. The characters thus presented were more sharply defined
previous to the recent discovery of a second species of the genus,
which is intermediate, and therefore still more nearly approximates the
two genera, if it does not merge the one into the other.
JJierycochcerus proprius--The remains of this species were discovered by
Professorllayden, during Warren's expedition of 1857, on the head-waters
of the Niobrara River, opposite Fort Laramie. They were embedded in a
dull, reddish-brown sandstone, which Professor Hayden refers to the miocene tertiaryperiod. The animal was larger than any of the species of oreodon, except the 0. superbus of Oregon, which it appr9ximated in size.
The jaws are of more robust proportions than in the oreodons, and the
infra-orbital arches of greater depth. In this the latter measure nearly
two inches; in 0. superbus, an animal of about the same size, an inch and
a half; in 0. 'major, three-fourths of an inch.
JJierycochcerus proprius appears not to have inhabited the same localities with the oreodons, at least cotemporaneously. I suspect it to have
lived at a later period, and perhaps, on the theory of the distinguished
philosopher Darwin, may have been the successor by selecti~n of the
oreodons.
Mcrycochcer~ts rusticus.-A second species of the genus distinguished by
his name is indicated by remains recently discovered by Professor Hayden,
on tile Sweetwater River, eighteen miles west of Devil's Gate, Wyoming
Territory. The animal was about the size of Oreo don major, but is readily
distinguishable through the anatomical characters that sep~rate the two
genera to which they belong. The number of remains of JJI. 1·usticus obtained during a short period from a circumscribed locality indicate the
animal to have been abundant.
MERYCHYUS.

Another genus of the oreodont family to which the above name has
been given is indicated by a comparative abundance of remains discovere<.l by Professor Hayden during Warren's expedition in 1857. The
fossils were found in the loose sands of the Niobrara River, and are
regarded by Professor Hayden as being of more. recent date than those
of the oreodons, the age of the formation being considered as later tertiary or pliocene.
M£wychyus is clearly related to oreodon and Mer.ycochmrus, and, like
the latter, most probab1y is the successor of oreodon. The construction
and form of the skull and teeth are nearly alike in all the genera mentioned.
Tbe true molars or grinding teeth of .Jicr.ljchJJUS are constructed on
tbe same plan as in all ordinary ruminants, recent and extinct, and are
intermediate in character with those which have short crowns, as in the

'
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other oreodonts and the deer, and those which have long crowns, as
in the camel and sheep.
The species of Me'rychy1ts, during the later tertiary period, appear
to have taken the place of the oreodons of tlw middle tertiary period.
The remains discovered appear to indicate three species of the genus.
JJlerychyus elegans.-A small species, distinguished by tllis name, was
intermediate in size to Oreodon Oulbertsvni and 0. gracilis, or was about the
size of the existing collared peccarJT.
JJierychyus m.ed·i us.-Tbis species, indicated by a few fragments, was
rather larger than the existing lama of South America.
},lcrychyus mqjor.-Fragrnents of jaws and teeth indicate this species
to have been about the size of JJlerycochmrus prop'l'i1ts, and nearly as large
as the existing camel.
LEPTAUCHENIA..

Another extinct genus of ruminants of the same family as the preceding, distinguished by the above name, was first indicated by a few
remains discovered by Professor Hayden in 1855, on one of the tributaries of White River, near Eagle Nest Butte, Dakota. Subsequently,
Professor Hayden, during his exploration of 1866, discovered additional
and more complete remains of the same genus on White Earth Creek,
a tributary of White River, Dakota. The fossils are attributed by
Professor Hayden to the miocene formation.
The skull of LeptauchenictJ has the general form and construction as
in the preceding genera of oreodonts, aud the number, form, and constitution of the teeth are nearly the same.
The ear capsules are proportionately larger than in any of the other
members of the family.· Large nnossj:fied spaces exist at the sides of
the face, extending from the forehead and in adyance of the lachrymal
bones. Similar spaces exist in the living deer and lama, but not in the
other oreodonts so far as known.
The true molar teeth or grinders of Lcptauchenia most nearly resemble those of 1lie1·ychyus, but exhibit differences. The median buttresslike ridges on the outer part of the upper grinders divide the crown to
the fangs more completely than in :Jierychyus j and in the lower grinders the crown internally is divided by corresponding ridges, which are
nearly or quite obsolete in JUe~·ychyus.
The fossil remains thus far discovered indicate the existence of three
species of Leptauchenia during the miocene period. Cotemporaneous
with the species of Oreodon and lllerycochcents tbey appear to have been
the predecessors of the species of JIIerychyus of the pliocene period. They
were all comparatively small, and have been distinguished by the following names:
Leptauchenia major.-The largest species of the genus was intermediate in size with Oreodon Oulbertsoni and 0. gracilis. The length of its
skull was about five and three-quarter inches .
.Leptauchenia decora.-Rather smaller than 0. gracilis, had the skull
about four iuches long.
Lepta1whenia nitida.-Tho smallest of the species was about the size
of the living musk deer. Its skull is three and a half inches in length.
AGRIOCHCERIDJE.

Another genus· of extinct, hog:Jike ruminants, allied to the genera of
the preceding family, is nevertheless so peculiar that tile author hns
viewed it as the representative of a distiuct family to which he has
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given the aboYe name. Its principal features distinguishing it from the
oreoclonts are as follows :
The orbits are open behind, or not separated fi.'om. the temporal fossm,
in wllicll character they differ from those of all known ruminants, recent
or extinct, having the same form of grinding teeth. No lachrymal
fossm exist in front of the orbits as in the oreodonts.
The number, relation, and general constitution of the teeth are tlle
same as in the latter; but the grinders or true molars, thougll constructed on the same plan as in the oreodonts and the ruminants generally, are remarkable for tlleir transversely spreading character, or the
comparative shallowness and breadth of their crowns. The last premolar departs from the usual ruminant pattern, the upper having three
lobes to the crown, the lower four lobes .
..A.GRIOCHCERUS.

Three species of this genus have apparently been recognized, differing little in size, and in this respect approaching 0. Oulbertsom·.
The form and general construction of the skull are nearly the same as
in the latter. Besides the orbits being open behind, m1d the absence of
lachrymal fossm, as aboye mentioned, the face, in comparison with tbat
of oreodon, is proportionately wider and of less depth. The remaius of
Agriochmnts haye been discovered in the nwn1:aises terres of Dakota,
but are comparatively rare.
Agrioclwerus antiqwus.-The remains of this species, consisting of fragments of jaws and teeth, together with the facial portion of a Akull, of
two indh-iduals, were among the first of the mammalian fossils collected
in the rna?tvaises terres of Dakota. Thev were obtained fi:om a fur
trader by the late Dr. Hiram A. Pront, of SLt.. Louis, by whom they were
submitted to the examination of the writer. Among seYeral tons of
fossil bones subsequently collected in the nwuvaises terr-es and brongbt
to our notice, only the smallest traces of this species \Yere detected.
The size of the skull was about equal to that of 0. Oulbertsom·.
Agriochmr~ts latifrons.-Tbis species is inuicated by an almost complete skull, obtained by Professor llayden, in the mauvaises tm-res of
Dakota, during his expedition of the summer of 1866. It differed little
in size from the preceding species, but is <Jistinguishable by the breadth
of its forebeau, which is almost one-third greater. Large inflated ear
capsules are present in the skull of A. latifrons, proportimmtely as \Yell
de\elopell as in 0. major.
The skull of A. latiji·ons is eight and a half inches long.
Agrioclux;rus major.-A somewhat larger species than the two preceding, app::; rently indicated uy a few fragments.
CAJ\IELID1E.

The camel family at the present time is represented among the indigenous animals of the western hemisphere by the various species of
the lama genus of South America. During the tertiary period many
members of the same family were largely distributed in the western
part of N ortll America. Recently some remains discovered in California, and submitted to the examination of the writer by Professor J. D.
Whitney, indicate a species of lama exceeding in size the existing
camel. The species has been named Auchenia or Lama californica.
·
CAME LOPS

· 1s the name of an extinct genus allied to the lama, indicated by a jaw
fragment found in the post pliocene gravel drifts of Kansas. The species
is named 0. kansanus.
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PROCAMELUS •

.An extinct genus established on remains discovered by Professor Hayden in the pliocene sands of the Niobrara River, Nebraska. Fragments
of jaws and teeth exhibit a near relationship in the anatomical characters of the skull to that of the existing members of the camel family. It
possessed a greater number of molar teeth than the camels and lamas.
Three species of the genus are apparently indicated by the fossil remains.
Procamelus robustus.-The largest species, founded on a portion of a
lower jaw, pertaining to an animal about the size of the living camel.
Its teeth were smaller than in the latter, but this difference was fully compensated in thegreat~r number of these organs.
Some additional remains of the same species were subsequently discovered by Professor Hayden, on Little White Uiver, Dakota.
Procamelus occidentaUs.-.A species indicated by a greater number of
fossil specimens than the preceding, was about two-thirds the size of
the former. Some remains, apparently of the same animal, subsequently
discovered on the Little White River, Dakota, lead to the probability
that all referred to the species thus named may belong to the female of
the former one.
Procamelus gracilis.-.A small species, not larger than the domestic
sheep, indicated by several fragments of jaws and teeth.
HOMOCAMEL US.

An extinct genus, closely allied to the former, to which the above
name is given, is indicated by several fragments of jaws with teeth, obtained by Professor Hayden in the pliocene sands of the Niobrara River.
Homocamelus caninus.-The species, named from the conspicuous character of the anterior teeth of the upper jaw, was about the size of tbe
living lama.
MERYCODUS.

This extinct genus of ruminants was originally founded on a jaw fragment discovered by Messrs. l\feek and Hayden, in 1853, on Bijou Hill,
east of the Missouri River. Subsequently Professor Hayden disco,-ered
additional and more characteristic remains of the same, mainly consisting of fragments of lower jaws with teeth, on the Niobrara River, and
on Little White River.
Merycodus necatus.-The species was smaller than the domestic sheep.
P<EBROTHERIUM,

.Another extinct genus of the camel family, was founded on the greater
portion of a skull, which was one of the first fossil specimens produced
from the great tertiary cemeteries of the West. The specimen was discovered by 1\fr. .Alexander Culbertson~ in the nw1.waises ten-·es of White
River, Dakota, and was presented in 1846 to the Academy of Natural
Sciences of Philadelphia. The remains of the genus appear to be exceedingly rare, as a very few trifling fragments have been since discovered.
Prebrotheri?.tm Wilsoni.-The species, approximating in size the domestic
sheep, is named in honor of Dr. T. B. Wilson, late of Philadelphia, and a,
distinguished patron of natural history.
PROTOMERYX•

.Another extinct member of the camel family, distinguished by the
above name, is founded on a jaw fragment obtained by Professor Hay-
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den from the miocene deposit of Bear Creek, a tributary of White Hiver,
Dakota. It apparently possessed the same number and arrangement of
teeth as the former two genera.
Pt·otomeryx Halli.-The species, about the size of the domestic sheep,
is named in honor of James Hall, the eminent geologist and paleontologist.
MEGALOliERYX.

This generic name bas been appropriated to a large ruminant apparently of the camel family. It is founded on a couple of specimens of
large, inferior molar teeth obtained by Professor Hayden from the pliocene sands of the Niobrara Hiver. The genus is probably the same as
that to which our living lama and alpaca belong.
liLcgalomeryx niobrarensis.-The species exceeded in size the existing
camel.
MOSCHID.JE.

The family to which pertain the musks, or musk-deers at the present
period, is chiefly confined to the continent of Asia and the adjacent
islands. It was represented during the miocene tertiary period in
North America, by an extinct genus to which the following name has
been given:
LEPTO:J\IERYX.

The genus was first characterized by a mutilated skull, discovered by
Dr. John Evans, in the JJfmwaises Terres of White Hiver, Dakota. Subsequently Professor Hayden obtained portions of several less well-preserved skulls, together with many fragments of jaws and teeth, partly
from the same locality and partly from Bear Creek, a tributary of the
Clleyenne Hi ver.
Leptomeryx Evansi.-The skull indicates an animal about the size of the
musk deer of Thibet. The species is named in honor of its discoverer,
the late Dr. John Evans.
CERVID.JE.

The deer family, so far as known, is poorly represented in the tertiary
and quaternary deposits of the North American continent. However,
a larger species of deer than any now living is indicated by remains
found in association with tho.se of the American mastodon.
CERVUS.

The genus was probably in existence in the pliocene fauna of Nebraska.
A few remains, attributed to an extinct species, have been found in the
sands of the Niobrara Hiver.
Cervus W arreni.-The species was about the size of the living Virginia
deer. It is named in honor of General G. K. Warren, during whose expedition its remains were discovered by Professor Hayden.
ANTILOPID..<E.

The antelope family appears to have been represented in the pliocene
fauna of Nebraska, by a peculiar genus, having furcated horn cores.
COS0:)1YX.

The peculiar genus thus named and just alluded to is found~l;l on
several fragments of horn cores-they may be of antlers-discoverecl by
Professor Hayden in the sands of the Niobrara Hiver. A species, ap-
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parently of the same ·genus, has been described under tlw name of Antilope dichotoma, fi·om the tertiary formations of Gers, in France.
Cosoryx furcatus.-The Niobrara species thus named was about the
slze of the sheep.
CAMELOPERD.A.LIDJE.

A singular fossil, obtained by Professor Hayden from Dr. Gehrnng,
of Colorado City, submitted to the writer for examination, leads to the
suppositon that it belonged to a large ruminant, probably of tlw same
family as the existing camelopard of Africa. It has been referred to
an unknown genus, with the following name:
Jlr1EGACEROPS.

The genus is based on a skull fragment, of remarkable character,
found in Colorado. The fossil calls to mind the wonderful but also extinct Sivathcrium of the Sevalik Hills of India. The specimen corresponds with that portion of the face of the latter animal which comprises
the upper part of the nose, together with the forehead and anterior horn
cores. As in Sivatherium, all the bones comprising the specimen are
completely coossified, and of great comparative massiveness. The
genus was probably the American representative of the Sivatherium,
which was the largest of all known ruminants. In its bulk and proportions it approached the elephant, and it was provided with two pair
of horns and probably a proboscis like the taper.
Megacerops coloradensis.-The species was not so large as the Sivathe·r ium gigante'ltm of India, but may be regarded as having been the largest
of all the known ruminants of America, recent and extinct.
ARTIODACTYLA.
Under this or<bnal name the writer has included the thick-skinned
animals or pachyderms of Ouvier, which have an even number of toes,
and has excluded the ruminants of the artiodactyle pachyderms of Professor Owen.
SUIDJE.

The suilline family at the present time is not represented in America
by any of the old-world genera, nor at any past time, so far as the observation of the writer is concerned, was it iuhabited by them. Notwithstanding many reports of discoveries of remains of the hog and
the hippopotamus, the writer has as yet seen no undoubted traces of
these animals which pertained to the American continents.
DICOTYLES.

The peccaries appear to have represented in the western hemisphere
the bogs of the other part of the world; at least the writer has not yet
seen fossil remains which appeared to him as indubitai)le evidences of
the existence at any time of an indigenous species of hog in America.
At the present time two species of peccary inhabit South America, and
one of them, the collared peccary, extends into North America as far
as the Hed RiYerin Arkansas.
At an earlier period several spr~cies, now ex: tinct, inhabited North
.America. Professor Hayden foun• '- an upper canine tooth of a peccary
on the Niobrara Hiver, but its age and reference to a particular species
are uncertain. A portion of a sknll, founu in digging a well, at the
depth of thirty feet, in Gibson Coun!;y, Indiana, indicates a species which
has been named Dicotyles nasu.tus- It was rather lar~er than either of
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the Pxisting sprcies, and had a proportionately longer and narro"~er
muzzle. Several teeth found in the miocene deposit of :Monmouth
County, New Jersey, I suspect to belong to the same.
l\.. few remains found in 1\iarylan<l, Virginia, and South Carolina apparently indicate a species smaller than the collared peccary. It ,has
been named Dicotyles lenis.
PLATYGONUS.

This name has been given to an extinct genus of peccary-like animals which appear to have been abundant during the post-pliocene
period. Numerous remains of a species, the Platygonus comp1·ess'lcs, have
been found in the lead-bearing crevices of the cliff limestone at Galena,
Illinois. An entire skull, as fresh in appearance as if taken from a living animal, and of the same Rpecies, was discovered as early as 1805,
in a cave in Kentucky. Remains have also been found in Iowa.
ELOTHERIUM.

This is an extinct genus of suilline animals, origina1ly characterized
by remains discovered in the miocene tertiary deposits of France, and
was first described in 1847. Its nearest allies now living are the hog, the
peccary,and the hippopotamus. Tlle remains of two and perhaps three
species of the genus have been found in tlle miocene deposits of the
mauvaises terres of Dakota.
Elotherium llfm·toni.-The remains from upwards of a dozen indi•dduals of tllis species have come under the notice of the writer. It was
about the size of the domestic hog. The skull bears some resemblance
to that of the latter animal. Capacious temporal fossm for the accommodation of powerful muscles, separated by a median crest, give the
cranial portion of the skull a decidedly tiger-like aspect. The strong
jaws are provided with a full series of seven molars, a canine, and three
incisors on each side above and below.
The pointed character of the latter teeth, the long, bear-like canine
teeth, and the conical premolars, probably indicate at least a partiallycaruiyorous habit. The true molars or grinders approach in character
the cmTeRponding teeth of the living suilline animals.
The species was named in honor of the late Dr. S. G. lVforton.
Elotheriwn ingens.-The second species, about a third longer than the
former, is founded on a few jaw fragments and teeth obtained by Professor Hayden in the rna~tvaises terres.
Elotheriwn superbus.-A third species, eYen larger than the former,
indicated by an iucisortooth, from Douglas Flat, Calaveras County, California. The speeimen was submitted to the writter by Professor J.D.
Whitney.
PERCHillRUS.

An extinct genus allied to the peccary. It is indicated by small
fragments of jaws and teeth, from the miocene tertiary deposit of the
mauvaises terres of White River.
Perchmrus probus.-The species thus designated was aboqt the size of
the living Dicotyles labiatus of South America.
23 G
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LEPTOCHCERUS.

Another extinct genus thus named is also allied to the peccaries.
It is indicated by fi.·agments of jaws and teeth found in association with
those of the preceding animal.
.
Leptochmrus spectabilis.-Tbis species was about the size of the collared
peccary.
NANOHYUS

Is the name applied to another extinct genus of suilline animals, indicated by a lower-jaw fragment, from the same locality as the remains
of the preceding two genera.
Nanohyus porcinus.-The species was about the size of the common
rabbit.
MICRO SUS.

A small suilline animal of an extinct genus, thus named, is inferred
from a jaw fragment with teeth, obtained during the last expedition of
Professor Hayden, on Black's Fork of Green River, near Fort Bridger,
Wyoming.
Microsus cuspidatus.-The species named from the pointed condition
of the tubercles of the teeth was about the size of the common rabbit.
HYOPSODUS.

A fragment of the lower jaw with teeth, found in aE!sociation with the
specimen last mentioned, appears to indicate a hitherto unknown genus
to which the above name is given.
Hyopsodus paul~ts.-The species was about the size of a large hare.

A noplotheridm. .
This ancient and extinct family is typified by the singular genus Anoplotherium, originally described by Onvier, from remains obtained from
the eocene formation of the Paris basin. In the earliest part of the
tertiary period it appears to have been the genus which ·most nearly
approached in character the ruminants of later epochs. In Anoplotherium the teeth formed closed series in both jaws, as we now observe to
be the case in no mammals except man.
TITANOTHERIUM.

This genus is apparently allied to the Anoplotherium of Europe, and
another extinct genus named Ohalicotherium, whose remains were discovered in the Sevalik Hills of India.
Titanotheriu1n pTouti.-This species is established on remains of a huge
animal, the largest of those yet indicated by the fossils obtained in the
mattvaises terres of White River, Dakota. Jt approached in sjze the elephant, and it was no doubt the conspicuous size of its remains which led
to its having been the first noticeu of all the extinct animals whose bones
ha'\'e been collected in the mau'va·ises terres cemetery.
The first notice of it w~s published in 1846, by the late Dr. Hiram A.
Prout, of St. Louis, who, from the character of the lower teeth, supposed
it to lJelong to the genus Pctlccother,iurn, originally established lJy Cuvier
from remains obtained from the eocene formation of Paris, France.
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Many remains, consisting of fragments of jaws, teeth, and articular ends
of different bones of the skeleton, collectrd by :Messrs. l\Ieek, Hayden,
and E\-ans, indicate a nearer alliance of the animal to the companion of
tht~ Palreothere, that is to say, the Anoplothere.
The remains of the species, named in honor of its discoYerer, Dr. Prout,
belong to the lowest beds of the miocene deposits of the mauvaises terres,
accordiug· to tlH~ authority of Professor Hayden.
The teeth of Prout's Titanothere formed nearly unbroken rows, though
not so completely as in the Anopothere. It appears to ha·ve possessed
an iucisor less on each side than in the latter, and its canines were proportionately larger, differences which induced small breaks or interyals
in the dental series. Among living animals, the grinding teeth of
the Titanothere approached most nearly in appearance those of the rhinoceros. In the best preserved specimen of the jaws of Titanothere the
series of teeth measure nearly a foot and a half in length.
Various fragments of the skeletons of different individuals indicate
considerable variation in size, probably due to difference in sex.
Dr. John Evans reported the discoYery of the skeleton of an individual imbedded in the rock in the nwuvaises terres, which measured, in
position, about eighteen feet in length and nine feet in height. This
appears much too large iu proportion to the size of the jaws above
referred to, and the measurement is probaoly greatly exaggerated, if it,
perhaps, does not apply to some other and larger animal. The specimens upon which the species T. Prouti is established indicate an animal
intermediate in size to the Indian rhinoceros and the elephant.
P AL.iEOSYOPS.

This extinct genus is indicated by some remains obtained during Professor Hayden's last expeditrion. The specimens consiRting of small
fragments of jaws, with molar teeth, were found at Church Buttes, and
on Henry's Fork of Green River, Wyoming. The remains belong to the
Bridger Group of tertiary rocks, prooably of miocene age. The genus
is closely allied to Titanotherium, of the 1JWU1Xtises terres, and to Clwlicotherium of the SeYalik Hills of India.
Palwosyops paludosus.-The only species of the genus approximated in
size the common ox.
Anthra~otheridw.

This name has been given to an extinct family of even-toed pachyderms whose types are the genera Antlzracotherium and Chmropotanws,
of the early and medial tertiary formations of Europe. It is also represented in the miocene tertiary formation of the mauvaises terres of
"\Vhite River by the remains of a genus which had been previously
reeognized as occurring in England and France.
HYOPOTAMUS.

This genus was established by Professor Owen from some remains
found in the eocene deposit of the Isle of vVight. The true molar teeth,
or grinders, resemble those of ruminating animals, except that the upper
ones present the remarkable cllaracter of an additional or fifth lobe
introduced between the anterior uair of lobes. The whole number of
teeth and the kind correspond with those of tlle existing hog.
Hyopotamus Americanus.-A species based upon fragments of jaws and

•
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teeth discovered by Professor Hayden, who refers them to the lowest bed
of the tertiary formation of the rnctuvaises tm·res. The animal approached
in size the common ox.
PERISSODACTYLA.
This name, originally employed by Professor Owen, I have used to
include all the uneven-toed. pachyderms of Ouvier, except the solidungulate or equine animals. Thus restricted, the order is represented by
seven genera, in the tertiary formations of our W eRtern States and
Territories.
Rhinocerotidre.
.Among the most interesting paleontological discoveries in this country is that of the former existence of the rhinoceros family on the
North .American continent. Remains of a number of spedes have been
detected in Dakota, Nebraska, Texas, California, Oregon, Uolorado,
Wyoming, and traces even in New Jersey.
RHINOCEROS.

•

The existing species of this genus are now confined to .Asia . and
.Africa. Remains of extinct species have been found in great abundance throughout Europe and Northern .Asia. The living species are
pro\ided with one or two horns; some of the extinct ones were hornless,
and have, on this account, been referred to a different genus. with the
name of .Aceratherium.
·
Rhinoceros occidentalis.-A hornless species, distinguished by the abo"Ve
name, and little more than half the size of the common Indian rhinoceros,
is indicated by an abundance of remains in the miocene tertiary deposits
of the ma~tvaises terres, of White River, Dakota. Its dentition is the same
as in the living unicorn rhinoceroses; that is, it possesses two incisor and
seven molar teeth on each side of both jaws.
The length of the skull of this species is one foot and a half.
Rhinoceros crassus.-This species, about the size of the Indian rhinoceros. is indicated by a few fragments of jaws and teeth discovered by J?rofessor Hayden in the pliocene sands of the Niobrara River, Nebraska.
Rhinoceros 1ne1·idianus.-.A third species, intermediate in size with the
two former, is indicated by an imperfect molar tooth, discovered by the
late Dr. B. F. Shumard in a tertiary formation of Washington County,
Texas.
Rh-inoceros hesperius.-.A fourth species, under this name, bas been
viewed as distinct from the former ones, and was founded on specimens
submitted to the writer by Professor J.D. Whitney. The specimens, consisting of the greater port,i on of a lower jaw with the teeth, and some
fragments of upper molars, were derived from a tertiary deposit of Calaveras County, California. The species was about the size of the R.
occ,identalis of the mauvaises ter,res.
Recently some· remains, probably of the same species, were sent to
the writer for examination by the Rev. Thomas Condon, who obtained
them on the John Day River, Oregon.
HYR.ACODON.

This genus bas been proposed by the writer, founded on abundance
of remains of a small rhinoceros, which differs from all others previously
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described, whether recent or extinct, in the possession of canines awl a
full series of incisors in both jaws. The genus was also hornless.
Hyrr,wodon nebrascensis.-The only species of the genus indicated was
the smallest of its .American kindred, and was about the size of the little
hippopotamus of Liberia, Western Africa. During the miocene period
it existed in great numbers, associated with the R. occidental,is, as proved
by the abundance of its remains in the mctuvaises terres deposits.
Remains, apparently of the same species, have been djscovered in Colorado, Wyoming, and Oregon. The skull of H. nebrascensis is about ten
inches in length.
HYRACHYUS.

An extinct genus, allied to Hyracodon, is founded on a fragment of a
lower jaw of a young animal, obtained, during Professor Hayden's recent
expedition, on Black's Fork of Green River, Wyoming. In tlle ma.t ure
animal seven molar teeth formed a continuous ~eries in the jaws. The
upper molars are unknown. The lower true molars resemble those of
Hyracodon, but the crowns have their constituent lobes more deeply separated externally by an angular notch. The premolars in comparison
with the true molars are })roportionately smaller than in Hyracodon.
Hyrachy~ts ag1·estis.-The species was smaller than Hyracodon nebrascensis, and was about the size of the larger living peccary. The molar
series occupied a space of about three inches. The first premolar has a.
laterally-compressed conical crown spreading in a slight posterior heel.
Hyrachyus agrarius.-A supposed second species, probably of the
same genus, is inferred from the portion of a lower jaw about the size
and form of the corresponding part in Hyracodon nebra,scensis. The
specimen was obtained on Smith's Fork of Green Riw~r, Wyoming.
The jaw below the last molar is about an inch and three-fourths deep.
Its ascending portion in front rises vertically, and externally is deeply
concave. The molar series, consisting of seven teeth, is broken away
in the specimen. The space occupi,e d by the series is about three inches
and three-fourths. The true molars occupied a space of full two inches.
Tapiridce.
The existing members of the tapir family in this part of the world
are confined to Central and South America. During the quaternary
period, contemporaneously with the well-known mastodon, several species of tapir inhabited North America.
LOPHIODON.

An extinct genus, described under the above name, by Cuvier, from
remains found in the middle tertiary formations of Europe, appears also
to have existed contemporaneousl.v in North America.
Lophiodon occidentctlis.-A species, about, the size of the common
tapir (T. terrcstris) of South America, is indicated by a single tooth discoYered by Professor Hayden in the rnauvctises tm·res of White River.
A fragment of an upper jaw, with two teeth, obtained by the Rev.
Thomas Condon, from Bridge Creek, Oregon, is perhaps referable to
the same species.
Lophiodon modest~ts.-A small species of the same genus, thus named,
is indicated by a single tooth, discovered in Professor Hayden's last
expedition, near Fort Bridger, Wyoming.
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LOPIIIOTHERIUM•.

An extinct genus of this name, described by Professor Gervais, from
remains found in the eocene formation of }',ranee, appears also to have
been represented by a small species during the formation of the Bridger
Group of tertiary deposits.
.
Lophiotlzerium syl1.:aticum.-Tbe species is indicated by a jaw fragment with teeth, obtained during Professor llayden's last expedition ou
Henry's Fork of Green River, 'Vyoming. The animal was about twothirds the size of the collared peccary.

Proboscidem.
Of all extinct animals none are more familiar to the communitv than
the great proboscideans. Their huge bones, strewed over the 'earth,
have excited the attention of the least observant, and in former years
were viewed as unmistakable evidences of the earlier existence of a
race of giant men. Even now, to the uninformed their remains ba\e
not ceased to be objects of wonder and the moRt convincing proofs that
in former ages huge animals roamed over the country where now they
no longer exist.
1\f.A.STODON.

This extinet genus of elephants appears to have once lived throughout
the greater part of tbe world. A half dozen species inhabited Europe,
the same number Asia, two South America, and at least three, if not
four or .five, North America.
~Mastodon americanus.-The great .American mastodon appears to
have extended throughout the whole of North .America during the
quaternary period. Its remains are among the most al.mndant of fossils
and have been found in almost every state and territory of the United
States. Complete skeletons, together with skulls of others, in a fine
state of preservation, are arnoJJg the most conspieuout:-l and striking
o~jects of sm'eral of our museums. It is probable that this species
still continued to exist at the time of man's appea,rance on the stage
of life.
:Mastodon rniri.ficus.-This species, whose remains were first discovered by Professor Hayden, on the Loup Fork of the Niobrara River,
lived at an earlier period than the preceding, pertaining, as supposed,
to the pliocene age. It was about the size of the common mastodon.
Mastodon Shepardi.-A third species, probably of miocene age, bas
been recently characterized from a fragment of a tusk, from Stanislaus
County, California. The tusk of the common American mastodon is
composed alone of ivory, as in the modern elephants; but the fragment
just alluded to presents a broad band of enamel, as in the tusks of the
narrow-toothed mastodon of the miocene formation of Europe. The
species is named in honor of Professor C. U. Shepard, of Amherst College, by whom the fossil was submitted to the writer.
J11astodon obscur-us.-Tbis name bas been appropriated to a supposed
species, founded on a tooth which was reported to have been discoyered
in the miocene deposit of .M aryland. Fragments of similar teeth from
North Carolina and Georgia appear to confirm the distinctness of this
speeies from JJI. arnericanus and Jl.f. mir'ificus. A portion of a lower jaw
containing a last molar, like the :M aryland tooth, was recently discoveretl in Contra Costa County, California. This specimen also clearly
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distinguishes the species from those just named, but we have no evijence to prove that it is not identical with the llf. Shepardi.
ELEPHAS.

The most colossal of all -terrestrial animals, the elephants, are now
confined to Southern ARia and Africa. Prior to the actual period species existed in Asia, Europe, and North America which are now extinct.
Elephas americanus.-Remains of an extinct species of elephant have
been discovered throughout the greater part of the North American
Continent. Generally these remains have been viewed as pertaining to
the Elephas primigenius, au extinct species of Europe and Northern Asia,
and which probably also extended into the extreme northwest of North
America. There appear now to be sufficient grounds to consider the
American elephant a distinct species from the one just named. The late
Dr. Falconer, of England, ·who pcrhapsmorethananyoneelse bad studied
the characters of the elephant family, supposed that among the remains
found throughout North America there were evidences of two species,
one of which he called Elephas columbi, and the other he viewed as the
E. prirnigeni'lts. The writer also thought he recognized a different species from the common one in some remains obtained by Professor Hayden on the Niobrara River. Upon a review of all the material pertaining·
to the subject, he now considers that the remains of North America,
which have been referred to sw,reral species of elephant, belong to but
one, distinguished by the name heading this article.
SOLID UNGULA.
This order is now represented by the single genus Equus, of which
no living species is indigen~us to America. Fossil remains go to show
that during earlier geological periods the order was nowhere so well
represented as it was in America. The members of the order are divisible into two groups or families, which have been named the Equidm
and the Anchithcridcc.
Equidce.

The equine family is represented at this time by nine or ten species
of eq nus, which appear all to be indigenous to Asia and Africa. Other
species of the same genus inhabited Europe, Asia, and North America
during the middle and later tertiary periods extending into the quaternary period.
EQUUS.

Though no indigenous species of horse appears to have existed on the
American contineut during the period of man, a number of them inhabited
the eountry jnst previously and contemporaneously with the great mastodon, the elevlmut, the giant sloths of both North and South America,
&c. Dr. Lund and Professor Owen have indicated several species from
remains found in the latter continent. A number of species have likewise been indicated from remains pertaining to the pliocene and quaternary deposits of North America.
Equus jossilis.-This name has been appropriated to a species whose remains are found in the quaternary deposits of Europe and Northern Asia.
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By many the species is supposed to have been the ancestor of the common domestic horse. A few remains found in the frozen cliffs of Eschscholt7. Bay, Alaska, in association with remains of the extinct northern
Asiatic elephant, are supposed to belong to the same species.
Eqnus major.-Remains of a species of horse have been discovered in
the United States, in association with those of the mastodon, &c. The
arrangement of the enamel fol<ling in the upper molar teeth is of a more
complex character than in the domestic horse. The species was larger
than ordinary varieties of the latter, which led to its being named Equ1ts
major, though it did not exceed in size the English dray horse.
Equus .fratermts.-This name has been proposed for a second species,
bas<!d on remains found in association with those of the former, together
with those of the mastodon, &c., although they are neither distinguishable in size nor details of form from corresponding parts in the domestic horse.
Eqwus excelsus.-A third species, whose remains are found in the pliocene deposits of the Niobrara River, was about the size of the domestic
horse. Its remains have also been found in California and Oregon. The
grinders of this species differed in the arrangement of their enamel from
those of the domestic horse in the same manner as do those of the ass.
Equ,us paci.ficus.-Another species, indicated by remains from California, was about the size of the English dray horse. The arrangement of
the enamel folds of its molar teeth is of the utmost comparative simplicity.
Equus parvulus.-This name has been assigned to a supposed diminutive species, by Professor l\iarsh, on some remains found in a tertiary
deposit of Antelope StatioQn, Nebraska, four hundred and fifty miles
west of Omaha. It probably pertained to the succeeding genus.
Eq~tus conversidens-Equus ta'lt.-These are the names of two species
recently indicated by Professor Owen, of London, from remains discovered in the tertiary deposits of the valley of l\Iexico.
PROTOITIPPUS.

An extinct genus of equine animals, distinguished by the above _name,
was originally eharacterized from remains discovered by ·P rofessor Hayden in the pliocene sands of the Niobrara River. Remains of the same
genus have likewise been found in South America., but were referred to
species of the former genus by Dr. Lund and Professor Gervais. Professor Owen, recognizing their distinction, has recently referred them
to a different genus with the name of Bippidion. The remains from the
Niobrara River indicate three species of the genus, all of which were
smaller than the domestic horse.
Pmtohippus pcrditus.-This species approximated in size the ass.
Protohippus p~lacidus.-This second species was not more than twothirds the size of the former one.
Protohippus suprmnus.-A third species, intermediate in size to the
ass and the domestic horse, is indicated by some remains, fonn<l by
Professor Hayden in 1866, on the Little White River, or the South Fork
of White River, Dakota.
The South American species of the genus have been named Protohippus ctrcidens, P. principctlis, and P. neogceus.
HIPP .ARION.

This is the name of an extinct genus of equine animals, "·hose remains have been foLlnd in the middle and later tertiary deposits of En-
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rope, Asia, and North America. The skeleton was constructed on the
same general plan as in the preceding genera, but in addition to the
well-develope<..l toe or hoof, which supported the animal, it possessed au
additional pair of toes to each foot. These, boweYer, were not sufficiently developed to touch the ground, but projected behind and laterally like the rudimental toes of hogs and ruminants. The arrangement
of the enamel in the molar teeth is of a more complex character than
in Eqtms and Proto hippus. A species is indicated by remains fouml iu the
Ashley River deposits of Charleston, South Carolina. It was not more
than about half the size of the ass, and bas been named Ilipparion
'L'en'ltstum.
Hipparion occidentale.-This species, about the size of an ass, is indicated by remains which were found in the mauvaises terres of "'\Yhite
HiYer, Dakota; but which clearly do not belong to tlte miocene formation of that region. They pertain to a superficial portion of the tertiary
deposit, cotemporaneous with the pliocene deposits of the .rTiobrara
Hiver.
Hipparion speciosum.-A supposed second species~ nearly the same
size as the preceding, is indicated by molar teeth found at Bijou llill,
on the Missouri River, and in the pliocene sands of tlw Niobrara Riw'r.
A fragment of a tooth, likewise apparently belonging to this species,
was found in digging a well, at the depth of forty feet, in \Vashington
County, Texas.
Hipparion affine.-A third species, also about the same size as the
preceding, is indicated by teeth discovered by Professor IIayden in the
pliocene sands of the Niobrara RiYer. The enamel folding of the upper
grinders is of a simpler character than in the former species.
Bipparion gratum.-This species, based upon a number of teeth
obtained by Professor Hayden in the pliocene sands of the Niobrara
River, was considerably smaller than the other species with which it was
associated.
1\:IERYCITIPPUS.

Another extinct equine genus, has permanent molar teeth like those
of Protohipp~t,s, but the skull presents deep lachrymal depressions in
advance of the orbit, as appears also to be the case in llipparion, but
which, in the former, as in the true horse, are absent. The temporary
teeth of Merychippus resemble more nearly in appearance the permaneni;
ones of the members of the next family than they do those of the other
known equine genera. It was from the remarkable resemblance of
these to the large grinders of ruminating animals that led to the adoption of the name of JJ1erychippus, which literally signifies ruminating
horse. The name, however, refers to the resemblance alone, and does
not indicate that the animal partook of the peculiar habits of the
ruminants .
.Merychippus insignis.-This species, about the size of the ass, was
originally established.on a jaw fragment, containing teeth, which was
discovered by Professor Hayden at Bijou Hill. :l\Iany ndditioual remains, referable to the same species, were subsequently found in the
pliocene san<ls of the Niobrara River, during Warren's expedition in
1857.
11-lerychippus mirabilis.-This second species, rather larger than the
preceding, is indicated by remains discovered by Professor Hayden
in the pliocene sands of the Niobrara River and on Little "'\Vhite Hiver,
Dakota.
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.A.nchitheridm.
This extinct family of three-toed, horse-like animals, bas for its type
the genus .A.nchitheri1t,m, the first known species of which was described
by Cuvier under the name of Palceotherium attrelianense. Its remains
were obtained from the miocene tertiary deposits of France. Lartet
and DeBlainville call the same animal Palceotherium hippo-ides, or horselike Palreothere.
.
In the Equine family the teeth have long crowns, which are gradually
protruded as they are worn away; in the .A.nchitherine family tlle teeth
have comparatively short crowns, which are quickly protruded and inserted into the jaws by long fangs. Their skeleton in general form
closely approximates that of the horse, and most nearly that of Hipparion.
ANCHITHERIUl\f.

This genus is represented in the miocene deposits of our Western
Territories by two species.
Anchitherium Bairdi.-Tbe remains of this species are comparatively
abundant, in association with those of oreodons, rhinoceros, &c., in the
mwnvaises ter,res of White River, Dakota. The skull of the species is
a miniature form of that of the horse, except that the face is proportionately shallower. Its length is rather less than seven inches. Tile
size of the animal was about half that of the domestic horse. The specits was1 named in honor of Professor Baird, of the Smithsonian Institution .
.A.nchitheriurn Gondoni.-A second species is inferred to have existed
from a fragment of an upper jaw with a mutilated tooth, discovered by
the Rev. Thomas Condon, of Dalles City, on Bridge C,reek, a tributary
of John Day's River, Oregon. It was rather larger than the preceding
species, and is named in honor of its discoverer.
HYPO HIPPUS.

An extinct genus to which this name is given is represented by the
following species :
Hypohippus qffinis.-Established on a single tooth, indicating a~ animal about the size of the domestic horse.
ANCHIPPUS.

Another extinct genus7 allied to the preceding, is represented by the
following species:
·
.A.nchippus texanus.-The species is establi~hed on a molar tooth obtained by 'the late Dr. Shumard in Washington County, Texas. It was
found in digging a well at the depth of 50 feet in a sandstone supposed
to be of mioceue age. The animal indicated by the tooth was rather
smaller thau the ass.
P ARAHIPPUS •

.A fourth genus of the extinct .A.nchitherine family, named as above, is
indicated by some te8th discovered by Professor Hayden in the pliocene sands of the Niobrara River. The teeth resemble in their Lharacters those of Anchitherittm more nearly than they do those of any of
the equine genera; nevertheless they exhibit more complexity than in
the former or any other member of the same family.
Para.hippus cogna.tus.-The species thus designated is established
upon an incomplete series of well-preserved teeth. The ammal was
about a third less in size than the ass.
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RODENTIA.
The order of gnawing animals is represented in the tertiary formations
of the West by half a dozen genera, most of which are extinct. The
comparative smallness of the animals of this order renders their remains
more liable to total destruction than those of larger animals, and also to
their escaping notice when preserved. No doubt many remains of unknown species and genera will be discovered in future explorations of
the tertiary deposits. .
Leporidm.
The hare family is represented in the miocene formation of the mauvaises terres by a peculiar genus, which probably was the remote ancestor of our rabbits.
P .ALJEOLAGUS.

The genus is established on a number of fragments of jaws and teeth
discovered by Professor Hayden at the head of Bear Creek, a tributary
of the Shcs·enne River, Dakota. Paheolagus had the same number of
teeth as in the rabbit, but the first lower molar is composed of a double
column, as in the other molars, whereas in the latter it has an additional
column.
Palmolagus Haydeni.-Tbe species, named in honor of its discoverer,
was rather less in size than our common gray rabbit.
Sciuridm.
The family of the squirrels and marmots was represented by a peculiar genus, whose remains were discovered by Professor Hayden in
association with those of the former. Similar remains were subsequently
obtained from the mctuvaises terres of White River. The genus is
distinguished by the following name:
ISCHYROMY.S.

The skull of the genus approaches most nearly in form that of the
living beaver, but the teeth more nearly resemble those of the squirreL
lschyromys typ'u s.-The species was about the size of the common
muskrat.
Castoridm.
The beaver family is represented both in the miocene and pliocene
formations of Dakota and Nebraska.
P .ALJEOCAS'l'OR.

A rodent or gnawer, to which this name is given, is founded on several
incomplete skul1s, together with a number of fragments of jaws with
teeth, obtained by Professor Hayden in the miocene deposit of the
mauvaises terres of White River, Dakota.
Palceocastor nebrascensis.-The species was about half the size of the
existing beaver.
CASTOR.

The sole representatives of this genus now living are the American
and the Europea,n beaver.
Castor tortus.-An extinct species, thus named, is indicated by a portion of a skull, with teeth, found by Professor Hayden in the pliocene
sands of the Niobrara River. It was only half the size of the living
spocies.
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Muridce.
' The rat family is represented in the miocene deposit of the rnaut'aises terres of White River by an extinct genus, to which the following
name has been applied :
EUMYS.

This genus is founded upon the fragment of a jaw discovered by Professor Hayden.
Eurnys elegans.-The species was about the size of the brown rat.
Hystricidce.
The porcupine family is represented by a species whose remains were
found by Professor Hayden in the pliocene sands of the Niobrara River .
. HYSTRIX.

The living species of this genus are confined to the Old World, none
having been discovered in .America.
•
Hystrix venu8tus.-.An extinct species, indicated by seyeral isolated
teeth from the Niobrara River. Judging from the characters of the teeth
it was more nearly related with the crested porcupine of Europe tban
with our own living porcupine, pertaining to another genus.
INSEOTIVORA.
The insectivorous order of animals, mainly consisting of the smallest
forms of the mammalian class, as might be supposed, are among the
rarest of those whose rema,i ns are found preserved in fossiliferous
strata. Professor Hayden's explorations in the vVest have leu to the di~
covery of three extinct genera of the order, pertaining to the miocene
tertiary formation of the ma/uvaises terres of White River, Dakota,
and a third genus was discovered by Dr. J. Van . .A... Carter, of Fort
Bridger, Wyoming, in the Bridger Group of tertiary deposits of his
vicinity.
LEPTICTIS.

The genus to which this name is given is established on the specimen of an almost complete skull, which was found im betided in a soft
rock near the mouth of one of the small tributaries of White River, in
the rnatwaises terres. It possessed three incisor, a canine, and se\ren
molar teeth on each side of the jaws. The top of the skull presents a
pair of prominent ridges, defining the temporal fossm. The animal was
allied more nearly to the hedgehogs than to any other of the living
members of the order.
Leptictis Haydeni.-The species, named in honor of its discoverer, was
scarcely as large as a mink. The skull is barely two and a half inches
long.
ICTOPS.

A second genus, closely allied to the preceding, is indicated by a small
fragment of a skull 1 found in association with the former specimen. It is
distinguishable from it by difference in the form of the molar teeth.
Ictops dctkotensis.-A species about the same size as the preceding,
with which it lived cotemporaneously.
01t10J\iYS.

This extinct genns, probably pertaining to the same family as the
European hedgehog, was established on the fragment of a lower jaw,
with teeth, from the tertiary formation near Port Bridger, Wyoming.
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Onwmys Oarteri.-The species, named in honor of its discoYerer, was
about half as large again as our common mole, (Scalops aquaticus.)
EDENTATA.
. Among the great multitude of vertebrate fossils brought to our notice
from the western part of the continent, we have detected almost no
traces of remains of the giant sloths, which existed so extensively during the quaternary period in both North and South America. Hemains
of 1lfylodon IIa.r lani have been found on the Willamette Hiver, Oregon,
and recently W6 have seen the fragment of a claw phalanx, apparently
of a large, sloth-like animal, from Castle Creek, Idaho.
CE'rACEA.
Remains of cetaceans, thus far, have been but sparingly found in the
tertiary and quaternar~y formations of the \Vest. Vertebne from the
later deposits baYe been indicated from Oregon.
DELPIIINUS.

Remains of porpoises have been discovered in the upper miocene
formation of Half- -~.foon Bay, California.
Delphinus occidttus.-A species, founded upon a jaw fragment from
the locality just named, Rubmitted to the examination of the writer by
Professor J.D. Whitney. It was about the size of our common porpoise.
BIRDS.
The remains of birds are among the rarest of vertebrate fossils in
most of the explored roeks of the world. From the peculiarities of these
animals, enabling them to escape many of the catastrophes or accidents
to which more terrestrial and aquatic animals would ue liable, aud from
the generally lighter construction of their bodies, they are less likely to be
placed in positions where their remains would be preserved and become
fossils. Among the large collections of fossils made in tbe mauvaises
terres of ""\Vhite RiYer, Dakota, amounting to several tons in weight,
which have been submitted to the writer's examination, he discovered
no trace of birds. In all other collections from the West there was
likewise no trace detected, exeept a single bone fragment diseovered
by Dr. Hayden in the_ pliocene sands of the Niobrara Hiver, Nebraska.
This specimen has been recently deseribed by Professor 0. C..Marsh,
who views it as pertaining to an extinct species, to whieh he has given
the name of Grus Haydeni.
REPTILES.
The remains of reptiles oeeur in the greatest abundanee in the secondary formations of the West. Those best known have been derived from
the eretaceous deposits of Kansas, Dakota, and of the head-waters of
the Missouri RiYer. Remains of the same order, though less abund.aut,
are ne,Tertheless quite numerous in the tertiary deposits of the countr~r,
especially those of turtles.
CHELONIA.
The ehelonians or turtles appear to have been exceedingly abundant
in the "\Vest during the tertiary period. They, however, appear not to
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have been so rich in the number of genera and species relatiYely as
they do in the multitude of indiv-iduals of a few genera and species.
Their remains are found in association with the numerous mammalian
fossils of the mwuvaises terres of Dakota and those of tlle Niobrara
River. A greater number of species and genera are indicated by the
remains in the tertiary deposits of the vicinity of Fort Bridger,
'Vroming.
EMYS.

The genus emys includes many of our living fresh-water terrapenes,
and is also represented in Europe and Asia. It has latterly been divided
into different genera, founded on characters of the jaws, head, and feet;
so that from the fossil shells alone we are unable more distinctly to
define the animals. The shell of emys is rather oval in outline, moderately convex. The sternum is large, truncated in front, and notched
behind.' Its broad pedicles are joined by firm suture to the upper
shell or carapace. The outer port.ions of the humeral and abdominal
seutes cover these pedieles, and join the marginal seutes between the
position of the axillary and inguinal scutes.
Emys Jeanesi.-This spedes is founded on a nearly complete shell,
obtained, during Professor Hayden's last expedition, from tlle tertiary
deposit of the Bridger Group, near Fort Bridger, vVyoming. The length
of the shell, following the fore-and-aft eurve, is fifteen inclles; the
length of the sternum is about one foot. The species is named in
honor of Joseph Jeanes, to whose aid we have been much indebtecl
in developing the fossil treasures of the West.
Emys Haydeni.-A second species has been inferred to have existed
from an imperfeet shell found in association witll the former specimen,
together with many fragments of shells of the same and otller species of
turtles. The spPeies was about the size of the last, but is distinguished
from it by the difference of form of its scnte impressions.
Em,ys Stevensoni.-An apparent third species is founded on fragments
of the carapace and sternum of a shell, obtained by Dr. J. Van A.
Carter, from the tertiary deposit in the vicinit;y of Fort Bridger,
'Vyoming. It has been named iu honor of James SteYenson, the aetiYe
and efficient aid of Professor Hayden in his explorations.
STYLEMYS.

By this name the writer has distinguished an extinet genus of turtles, which is intermediate in form between the modern land turtles
(1 1estuc1o) and the aquatic ones (Emys.) As in the former the back
extremity of the carapace is invested with a broad, symmetrical plate,
instead of a pair, as in the latter.
Stylemys nebrascensis.-The species is establh;:hed upon specimens
which have been collected by every explorer of the mauvaises terres of
White River, Dakota. So abundant have these fos~il turtles been in
the locality mentioned that they have attracted the attention of the
most indifferent observers. Among the specimens suhmittf'd to the
examination of the author, considerable variation has been noticed, and
this variat.i on at first led to the distinction of five different species.
At present he views them all as belonging to but one species. Several
mature specimens measure one and three-quarter feet in length by ono
foot and a quarter in breadth.
Stylemys niobrarensis.-A second species has been Rupposed to exist,
founded on a multitude of fragments, discoYered l,y Professor Hayden
in association with mammalian remains in the pliocene sands of the
Niobrara River. It was as large as the preceding species.
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BAPTEMYS ••

An extinct genus of terrapenes, thus named, is established on an
almost perfect shell, obtained from the miocene tertiary deposits in the
vicinity of Fort Bridger, Wyoming. It was submitted to our examination by 1\fr. 0. 0. Smith of Amherst, 1\1assachusettt:;. The genus approaches in character the existing Dermatemys of Central America.
The pedicles of the sternum are covered by a large seute intervening
between the comparatively large inguinal and axillary scutes, and separating the humeral and abdominal scutes from the marginal ones.
Baptemys wyomingensis.-The shell of the species measured about one
foot and a half in length by a foot in breadth.
B1ENA.

Another extinct genus of turtles is indicated by two nearly complete
shells, obtained from the tertiary formation near Fort Bridger, Wyoming.
One of the specimens·was discovered during Professor H~yden's last expedition; the other was presented to the writer by Dr. J. Van A. Carter,
of Fort Bridger. The genus partakes of clJ.aracters of the terrapenes
and the snappers. The shell is moderately con\ex as in the latter, and
like it is notched at the sides posteriorly. Tbe sternum is more like
that of the emydes than of the snappers. The sternal pedicles are deep
and wide, and are impressed by one or two large scales intervening between the humeral and abdominal and the marginal sm1te~, and separating comparatively large axillary and inguinal scutes.
Bmna arenosa.-ln its perfect condition the shell measured about fourteen inches long and about ten and a half wide. Two large scntes intervene to the axillary and inguinal set1tes.
Bmna affinis.-This may, perhaps, be the same as the former. It was
nearly of the same size and shape, but in the specimen which has suggested the idea of a species distinct from the former, a single accessory
scute intervenes to the axillary and inguinal scutes.
TRIONYX.

The genus of soft-shelled turtles is represented by a nnm ber of extinct
species belonging to both the secondary and tertiary formations of this
country. Numerous fragments, in the collections of fossils obtained by
Dr. J. Van A. Carter, and in those made during Professor Hayden's last
two expeditions, from the tertiary deposits of Wyoming, apparently in(licate two extinct species. Only one of these, however, can be characterized from the more perfect of the specimens.
Trionyx guttatus.-This species is established on a large portion of a
carapace, discovered by Professor Hayden in 18G8, at Church Buttes,
near Fort llridger, Wyoming. The shell of the animal was about a foot
and a quarter long by a foot in breadth.
CROCODILIA.
Remains of crocodilians have not been found so abundantly in the
West as might have been supposed. None have thus far been found
among the multitude of other reptilian remains in the cretaceous formations of Kansas and Dakota. None have been discovered in the
miocene tertiary deposits of the 1nauvaises terres of Dakota, nor the
pliocene sands of the Niobrara River. One would have suspected that
crocodiles would have been abundant where there were snell vast numbers of mammals feeding in the vicinity of streams and lakes of fresh
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water, such as existed in Dakota and Nebraska during the . tertiary
period.
CROOODIL US.

Remains of this genus occur abundantly in the Bridger Group of
tertiary formations in vVyoming. Among numerous fossils from this
region sent to the writer by Dr. J. Van A. Carter, and in the collection
made during Professor Hayden's last expedition, the writer has detected
the remains of three species of crocodile.
·
Crocodilus aptus.-A species named from a single vertebra found by
Colonel John A. Knight, United States Army, near South Bitter Creek,
Wyoming. The animal was about the size of the Mississippi alligator.
Remains apparently of the same species have been collected by Dr. J.
Van A. Carter in the vicinity of Irort Bridger.
Crococlil·us Elliotti.-The remains of a second species of crocodile were
found in abundance, during Professor Hayden's last expedition, on one
of the tributaries of Green River, Wyoming. The skull is about a
foot and a half in length and bears a resern blance in shape to that of
the crocodile of the Nile. The :species is named in honor of Mr. Henry
W. Elliott, the artist attendant on Professor Hayden's expedition. The
remains of a third and smaller species of crocodile are contained in the
collections made by Professor Hayden's party in the tertiary deposits
of the Bridger Group. Dr. J. Van A. Carter has also sent to the author,
from the same locality, a number of vertebrre of this third species.
£ACERTILIA.
The cretaceous formations of the West teem with the fossil evidences
of lacertilian life, forms well expressed in the line "there were giants in
those days." These were, however, in many respects so peculiar, or
different from the lacertilians of our day, holding as they did a position
between the latter and the serpents, that Professor Cope has viewed
them as characteristic of a distinct order, under the name of Pythonomorpha. The true lacertilians appear also to have been represented
during the tertiary period, as indicated by the following genus:
SANIVA.

An extinct genus of lacertian reptiles, with the above name, is founded
on remains discovered during Professor Hayden's last expedition, in a
tertiary rock at Granger, Wyoming. The vertebne, as in the living
iguanas, monitors, &c., have the body excavated in a cup in front and
terminating in a ball behind. The cup and ball are oblique and widest
transversely. The animal possessed well-developed limbs with.loug
toes, but the remains are too imperfect to determine their number and
arrangement. The teeth were compressed, conical, and doubly trenchant, indicating carnivorous habits.
Saniva ensidens.-The species was as large as our largest living
iguanas.
FISHES.
Numerous remains of fishes have been discovered in the secondary
and tertiary formations of the Vvest. Those from the secondary formations of cretaceous age belong to marine forms. Those of t,be tertiary
formations of California, which have been described, also belong to marine forms, mainly sharks. Those of the tertiary formations east of the
Rocky Mountains, which have been described, are from Green River,
Wyoming, and Castle Creek, Idaho, and belong to fresh-water forms.
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Oyprinidm.
This is an extensive family of fresh-water fishes, among the least carnivorous of its class. It includes the carp, the gold-fish, the sucker,
&c. It is well represented by the remains of a number of extinct species and genera in the tertiary deposit of Castle Creek, Idaho.
MYLOCYPRINUS.

An extinct genus, founded on numerous specimens of pharyngeal
bones, supporting strong grinding teeth, submitted to the investigation
of the author by Professor JohnS. Newberry.
lJlylocyprinus robustus.-The large size of the pharyngeal bones with
their robust grinders, looking like human premolar teeth, indicate a
species several feet in length.
Oyprinodontidm.
The living members of the cyprinodont family are small fishes, for
the most part inhabiting fresh water.
CYPRINODON.

This genus is represented by an a bun dance of remains, discovered, iu
association with those of herrings, by Professor Hayden, in the tertiary
shales of Green River, Wyoming.
Oyprinodon Levatus.-.A. small species, described by Professor Cope,
from specimens obtained from the locality just named.
Olupeidm.
The clupeoid family includes shad, herring, &c.
CLUPEA.

Several species of herrings have left an abundance of remains in the
tertiary shales of Green River, Wyoming. The first of these fossils was
made known to us in 1856 by the late Dr. John Evans.
Olupea humilis.-This species is about three alld a half inches in
length.
Olupea, pusilla.-A species about half the size of the preceding and
found with it described by Professor Cope.
Squammipennes.
A family of :fishes characterized by the extension of scales on the
:fins. To it belongs the curious Ohmtodon rostratus of Java, which possesses the faculty of throwing a drop of water from its mouth, at an
insect, with unerring accuracy.
•.ASINEOPS.

An extinct genus, established by Professor Cope on abundance of
remains obtained by Professor Hayden in the tertiary shales of Green
River, Wyoming.
.Asincops squamifrons.-The species is about eight inches in length.
PL.A.GOSTOMI.
This order includes the sharks and rays.
SELACHII.

The selachians, or sharks, have left a multitude of remains in some of·
the marine tertiary formations of the West. From the miocene deposits
of Ocoya Creek, at the western base of the Sierra Nevada, California, a
24 G
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number of genera and species have been indicated by Professor Agassiz, as follows : Echinorhinus Blakei, Scymnus occidentaZis, Galeocerdo
productus, Prionodon antiquus, Hernipristis heteropleurus, OarchanJdon
rectus, Oxyrhina plana, Oxyrhina tumula, .Lamna clavata, La.mna ornata.
B.ATIDES.

The skates are indicated in the Ocoya Creek tertiary by the fragment of a tooth referred by Professor Agassiz to the genus Zygobates.
ONCOB.ATIS.

An extinct genus of rays is indicated by an osseous scale of peculiar
character, from the tertiary deposit of Castle Creek, Idaho.
Oncobatis pentagonus.
The scale upon which the species is founded was discovered in association with abundance of remains of cyprinoid fishes, and is interesting
as indicating most probably a large form which inhabited fresh water.

V.-ON THE FOSSIL PLANTS OF THE CRETACEOUS AND TERTIARY FORMATIONS OF KANSAS
AND NEBRASKA.
BY L. LESQUEREUX.

UHAPTER I.
' ON THE MODE OF PRESERV.ATION OF THE FOSSIL PLANTS, AND 0~ THE
CIRCUMSTANCES UNDER \VHICH THEIR FOSSILIZATION HAS BEEN EFFECTED.

Researches for fossil plants are, in this country, so rarely undertaken
under a scientific direction, that their discovery is mostly a matter of
chance, giving rise to speculations and queries of a most extraordinary
kind. Not only our flexuous stems of Stigmaria have been often con.. sidered as snakes of a prodigious size, but many times in my explorations I have been amused by preposterous questions like this one, ad'- dressed to me by people, who, recognizing a branch of fern upon a specimen of shale of the coal, wished me to explain "by what means plants
of such slender size could pierce the stones and grow into them.'' It is
not, therefore, inopportune to say a few words on the questions heading
this chapter.
Every kind of woody tissue, when shut out of atmospheric influence,
(or of oxidation,) either by water or by any other matter, escapes decomposition for an indefinite length of time. In such circumstances, the
wood is subjected to a slow kind of combustion, of ·which the first state
is a softening of the tissue or of the whole mass. Timber used as piling
i_n water or in clay is found, after centuries, blackened, and more or less
plastic,, without any trace of decay. Whole forests of. the pliocene age
have been imbedded in clay, or submerged, and the trees have now their
tissues as soft as the clay itself, though their structure is in a perfect
state of preservation. It is the same with some deposits of lignites of
the tertiary, which are a mere cbmpound of heaped trunks of trees whose
'WOod has become black as coal, but is still soft as clay. This first
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mode of decomposition of the woody tissue explains the various appearances remarked in different kinds of fossil wood after complete mineralization; for it is easy to understand that, after this softening process,
the wood is easily penetrated by different mineralizing elements, of
-which the water or the imbedding substances are impregnated. Some
substances, especially lime and silica, do not destroy the woody tissue
in penetrating it. Tb.e internal structure of fossil trees of this kind can
therefore be studied in obtaining their lamellm, and observing them with
the microscope. This has furnished the means of exactly determining,
if not the species, at least the genera to which are referable fossil trees
of various geological epochs.
Deposits of fossil wood of this kind are generally formed in connection
with our tertiary and cretaceous formations, and also, though more
rarely, in our carboniferous measures. There is a deposit of silicified
trunks in Southern Ohio, from which splendid specimens have been obtained. Silicified trunks of the tertiary are now found strewn on the
sandy surface of the land in :Mississippi, Arkansas, and farther west.
This mode of petrification has happened to trees in a standing position
as well as to prostrated trunks. In the :first case the petrification of
the trees is generally homogeneous or unmixed. In prostrated trunks
the difference in the decomposition of the trees, at the time when they
were buried, has apparentJy varied the mode and the agents of mineralization in such a way that, in the same specimens, part of a trunk is impregnated with lime, while other parts are silici:fieu, and still others
penetrated with oxide of iron or hardened into clay. Trees fossilized in
that way have been remarked. at various places, especially in beds of
sandstone of the coal formations near Gallipolis, Ohio. At :first it seems
difficult to explain how trees can have been preserved in a standing
position for a time long enough to produce mineralization. But in
examining the geological strata of our coal measures, for example, it
becomes evident that at repeated times, areas, sometimes of wide extent,
have been subjected to great depressions, and been covered more
or less rapidly with water and with the materials brought with it, especially sand. In that way entire forests have been buried, their trees
iml>edded to a certain height and petrified in that position, sustained as
they were in their softened state by the imbedding materials. Such
fossil standing trees are of no rare occurrence in the sandstone of our
coal measures, and sometimes, as for example near Carbondale, Penns.vlvania, the miners have pierced their tunnels through such forests of
stone and brought to light an immense amount of their debris.
It is questionable if, by the petrification of trees by silex, the silica
which bas penetrated them was naturally in solution in the water covering the deposit, as Profe~sor Greppert will have it; or if; according to
Professor Schimper's opinion, the silicification has happened only under
the influence of hot springs, impregnated with a large proportion of
silica, like springs of volcanic agency. The :first or natural process can
have been but very slow, and so long, according to Professor Schimper)
that the wood could not have escaped total decomposition and destruction before its mineralization. In this assertion the celebrated professor
is certainly in error, for, from what we have said before, the woody
tissue, protected by immersion against the destroying influence of the oxygen of air, is indeed indestructible for an indefinite length of time; and being preserved for whole epochs in the soft state, can be thus slowly impregnated by any kind of mineralizing elements which may be in solution
in the water. The opinion of Professor Schimper is still contradicted by
the fact that in this country silicified wood is found in our coal meas-
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ures and in our tertiary and cretaceous formations in connection with
such strata, which do not show the slightest traces of disturbances and
of metamorphism or change of nature by heat; and at such localities
where no traces of thermal springs, or other phenomena of the same
nature, indicate the influence of volcanic action.
When other substances, like clay, iron, sand, &c., have penetrated the
trees or plants subjected to fossilization, the internal structure of the
wood has been totally destroyed, and then nothing is left to indicate
its primitive nature but a thin pellicle of charcoal surrounding the bark
and preserving therefore only the outline of the outer surface of the
trees. Trunks of this kind are often found either standing in their
original form, or prostrated and flattened by compression in the sandstone of our coal measures. The peculiar conformations of the trees of
this formation afford, from the scars of branches and leaves which have
been left on the trunks, the means of comparing them and of classifying them, even aecording to their species. At some places, for example, near the Raccoon Furnace, in Northwest Kentucky, immense deposits
of iron ore have been formed by the accumulation of stems and leaves
of Stigmaria and Co'rdaites, which have been transformed into a rich carbonate of iron. The stems of Stigmaria have preserved their original
form, not being flattened in the least, with the scars of their leayes
perfectly distinct, as well as the medular canal and its star-like divisions.
When trunks are immersed for a great length of time in water which
does not contain any kind of mineralizing element, the softer tissue
becomes not only softened, but disaggregated in such a way that the
woody matter is separated like a paste, excepting the bark, which longer
resists this kind of disaggregation. In that way, and by compression,
layers of bark of species of trees of the coal epoch are found in the
shale, hea peel upon one another in a more or ·less confused manner. The
same phenomenon is observable, even at our time, in some peat formations of the North, for example in Denmark, near the border of the
sea, in a large swamp out of which the peat is worked for combustible.
This matter is a half fluid paste, a compound of debris of woody fibers.
It is taken out in buckets, thrown upon beds of straw to drain off thP.
water, and then compressed and dried, when it becomes a good combustible. In the meanwhilP. the bark of the trees from which this decomposed
matter has been derived is taken out of the ditch, like rolled, hollow
cylinders, and then dried separately and used as a combustible of less
value.
It is especially from the petrification of leaves and small branches
that our valuable and interesting specimens of fossil plants are obtained.
Their fossilization is somewhat different from that of the trunks. Leaves
falling in pools of quiet water, eontaining some muddy sediments, are
softened, then compressed, and by the hardening of the imbedding matter the skeleton of their tissue is printed upon the stone, sometimes in
its minutest details. In the shale of the coal-measures the matter of
the leaYes has been transformed into a thin pellicle of coal, which shows
all the details of their structure. The exact outlines of whole fromls
of ferns, their leaves in their minutest divisions, the stems, the pedicels,
all the nerves and their branches, are there clearly printed in black upon
the stone, offering in their details of structure, characters which serve to
their determination. In some shale the leaves and branehes are inclosed
in concretions or nodules of carbonate of iron wherein they have left the
most beautiful and distinct impressions. Our tertiary and cretaceous
measures contain leaves of trees which are preserved in the same wny,
jn elay or soft sandstone, and which have left nothing on the shale but
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tbe print of the details of their structure, their outlines and their nerYation, without any trace of their original substance.
The mode of preservation of the leaves varies like that of the trunks,
according to the elements composing the matter in which they are imbedded, and especially according to the circumstances in which they
ha\e been deposited. Immense beds of coal, for example, have been
formed fi.'om the remains of plants, while the coal itself scarcely shows
auy distinct prints, except sometimes upon thin lamellm of dry charcoal which separate its layers. Per contra, the prints of fossil plants
an" abundantly seen in the shale which covers the coal. The reason of
this difference is, that when the combustible is heaped by superposition
of debris of wood, and no foreign element like clay or sand is mixed
\Yith it, the whole matter, by slow decomposition, is softened into paste,
then compressed and hardened, forming a homogeneous mass. In this
process all the tissues are destroyed or mixed, and therefore the original form of vegetables is rarely preserved. But when the gro~·th of
the peat or the heaping of the woody materials which have compo.s ed a
bed of coal have ceased, and when by immersion the surface becomes
covered by water, deep enough to stop the active vegetation which
originated the coal, some hillocks or islands are left here and there
abo,-e water, bearing the same kind of plants as those of the coal. Their
branches in decaying fall into the water and are imbedded in its muddy
deposits, which form the shale, and then preserved by fossilization.
It is in the same way that the leaves of trees, growing around the
swamps at the time of our cretaceous or tertiary formations, have been
deposited in clay, and preserved in a fossil state. Sometimes, however,
lea,es and woody debris have been transported and heaped at some
places according to circumstances. In this case they are more or les~
damaged, rolled up, and mixed together in sandstone or clay, in •1more
or less indistinguishable mass. We have at our time examples of all
these kinds of transportation, deposition, and preservation ofleaves. vVe
find them imbedded in the muddy deposits which cover our peat-bogs.
The clay of our swamps is full of skeletons of leaves from the trees which
surround them, and along our rivers, as, for example, of the Ohio H,iver
near Paducah, we find deposits of leaves floated down the river and
buried in the bottom clay, in heaps of six to ten feet thick, where they
still follow the same process of slow decomposition, whose ultimate term
is complete petrification.

ON THE FOSSIL PLANTS CONSIDERED IN THEIR RELATION TO THE
ACTUAL DOMAIN OF MAN.

As most of the strata composing the crust of the earth have been
formed under water, and mostly contain remains of animals, especially
of molusks, geology receives from animal paleontology far greater
assistance for the determination of the strata and of their relative age
than it can obtain from the study of botanical remains. Considered in
this point of view, therefore, fossil plants appear of little importance.
B11t when we come to demand from geology some instructions, some
light concerning the surface of our earth at different epochs, science
can answer nothing if it does not inquire into the data furnished by
botanical paleontology. As vegetation is in absolute relation with
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atmospheric circumstances, the fossil plants are, indeed, the written
records of the atmospheric and physical conditions of our earth at the
epoclu; which they represent. In the 1\larcellus shale of the Middle
Devonian, we see the first appearance of vegetation in the fossil remains
of large trunks of coniferous trees found here and there imbedded iu
the shale, without any trace of branches or leaves. The shale also contains a quantity of fish remains and large flakes of black, coaly matter,
apparentl~y due to the decomposition of marine plants. It is an extensive formatiou, sometimes a few hundred feet in thickness, impregnated with bitumen, presenting everywhere the same characters. No
other trace of land plants is left but these large fossil trunks. Where
was the land then just emerging for the :first time from its marine cradle~ What was the aspect of the landscape¥ A black muddy surface
covered with an atmosphere darkened by vapors, where nothing is distinguishable, but perhaps at wide intervals, a group of some trees emerging from the muddy bottom and breaking the universal gloom. No
trace of animal life appears above the waters. All is dismal and silent.
In the Upper Devonian, the Chemung·, the Catskill group, and especially the red shale of the subcarboniferous measures, largely developed
in the anthracite basin of the Appalachian coal-fields, the remains of
land plants are more frequently found. These are not trunks of fossil
wood, but rather leaves and branches of a peculiar type of plants, ferns
with flabellate leaves, especially Nneggerctthia, which we do not find in
the coal measures; and a few stems of Lycopodiacere and Equisetacece,
the first representatives of a class of plants which constitutes the largest
part of the vegetation of the coal. Leaves and branches of the Upper Devonian and subcarboniferous measures are compressed between layers of
shales, which bear ripple-marks, fissures caused by beat, and round prints,
evidently formed by drops of rain. If this does not indicate a succession
of seasons of different temperature, it shows at least a distinct atmosphere, already penetrated by light, where changes of temperature cause
condensation or diffusion-rain, followed, perhaps, by some rays of sunshine. Animal life also appears at the surface ; crustaceans and large
creeping saurians slowly plow their paths in the mud. Their traces han,
been preserved upon the shales; they indicate the first attempt at an
rerial respiration.
In the coal formations the aspect of the landscape is totally changed.
Everywhere the vegetable life preuominates and attains its widest proportions; all still more or less under the influence of water. The emerged
land is marked by a succession of immense low swamps, whose surface
is concealed under a thick carpet of creeping plants, which :fill them
with their debris. Where the land has already some fixity, immense
forests of large trees, mostly of the aerogenous kind, grow in a dense
mass, of a size and height which compare with the largest trees of our
time. They cover the land with a world of vegetation, which is scarcely
now conceivable, even by the wildest imagination. All the vegetation
is by its nature, its form, its textur~, especially adapted to the absorption of atmospheric humidity and of carbonic acid. It is there at work
cleaning the atmosphere, in transforming into woody fiber its surplus of
water and of carbouic acid, and preparing it for animal life. For a.Jready,
remains of saurians, scorpions, insects of large size, found in the shale
of the coal, indicate that animal life has taken a marked place on the
surface of the land. There is there also an evident distinction of seasons; the layers of coal show annual decay anu periodical deposition
of woody remains.
The lower permian has still for its land vegetation many species of
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plants of the coal-measures, but here the conifer appears, represented
for the first time by their leaves and branches, and are of a peculiar
order. The carboniferous vegetation loses its force by the disappear,ance of its arborescent aerogenous plants. The debris are no more
heaped in immense deposits, but scattered here and there in the shales,
or forming by their agglomeration mere :flakes of coal. This indicates an atmosphere already discharged of greatest part of its carbonic
acid and of vapors. The triassic, which, with us at least, touches, ·by
the character of its :flora, to the Jtuassic, bas plants which, like Cycadere,
rather indicate a warm than a vaporolW atmosphere. But for this and
the following formations, the Jurassic, the data furnislled by fossil
plants on this continent are too scant to permit reliable conclusions.
We have to pass to tlle lower cretaceous to :find abunuant remains of
land plants, and here at once we have a vegetation absolutely different
in its characters from all that bas been seen before. .All the forms (the
needle form of leaves) which indicate atmospheric humidity, have disappeared; scarcely any conifers remain, very few ferns, no trace of
Lycopodiacere, but leaves of dicotyledonous plants, representing already
most of tlle genera of trees found in our forests. The vegetation is
therefore of a kind known to us. The atmospheric circumstauces are
then analogous to those of our time. vV e now follow through the
cretaceous and tertiary formations merely modifications of species,
disappearance of some forms, reappearance of others, about as we
should have to do now in studying our :flora in passing through a few
degrees of latitude*.

THE FOSSIL PLANTS IN RELATION TO OUR PRESENT CIVILIZATION.

To say that fossil plants have a relation to our present civilization
appears at first sight a paradoxical affirmation. But what is coal~ .A
mere agglomeration of petrified debris of plants. .And who at our time
could refuse to admit the influence of coal upon our actual civilization~
Coal is the great generator of heat, of steam, of force; a potent auxiliary
to every kind of enginery. It helps to the construction of our railroads; it brings them to countries which, wi1:1hout it, would remain
deserts; and transports everywhere, with lightning speed, not only the
necessaries of life, but the products of indust.Ly essentially due to its
active cooperation. Coal is now used everywhere, and is the friend of
everybody. It bas become an object, not of mere commodity, but of
absolute necessity.
The formation of the coal is now pretty well understood among geologists. It results from active growth of woody plants, whose debds,
falling every year, are preserved against decomposition by stagnant
water, or great atmospheric humidity. It is the process which now
still forms our deposit of peat. It demands for its favorable action a
ground or basin, rendered impermeable by a substratum of clay, a peculiar kind of plants, constantly" growing at the same plabe, and heaping
their debris for a length of time. .At our epoch the formation of peat
* In the geological report of Dr. F. V. Hayden on the explorations of the Yellowstone River, under the direction of Bdgadier General W. F. Raynolds, published in
1869, Dr. Newberry has clearly exposed the character of the vegetation ·in relation to
each gee-logical epoch. ·
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is essentially of two kinds. Either the vegetables which furnish the
materials are aquatic, or semi-aerial plants, having their roots in water,
and expanding their branches, leaves, &c., on the surface of the water,
or above it. Their debris falls in water, and are heaped and preserved
under it. In another way, and this is more generally the case, the
plants of the peat bogs are of a peculiar texture. Hygrometrical, like
sponges, they absorb humidity by their aerial tissues as much as by
their roots, and thus protected themselves against decomposition from
atmospheric action, they cover in their growth every kind of woody
debris, even large trees, and afford to them the same protective influence. In that way the surface of peat-bogs of this kind grow
constantly up.' In that way also peat-bogs grow at our time upon
the slopes of steep mountains, whenever atmospheric humidity is constant and abundant enough to furnish moisture for the life of those
hygrometrical plants, which now are mere mosses. The peat-bogs of the
coal did grow in the same way; the distinction in cannel coal, which
has been formed under water, and bituminous coal, which by its layers
indicates an upper aquatic growth, is well marked. But during the
carboniferous epoch, the circumstances favorable to the growth of the
peat were in their highest development. Low, wide basins of stagnant
water, whose bottom was first coated by deposits of clay; an atmosphere
constantly charged with vapors and a large proportion of carbonic
~wid, the food of plants, forming by its transformation the woody
tissues ; floating vegetables of immense size, first growing horizontally at the surface of the water, and filling the basin with their
debris, then forming a support for a more aerial vegetation ; ferntrees, lycopodes, horse-tails, all of enormous size, heaped in a continuous growth the woody tissues of their vegetable remains in a
now inconceivable proportion. Our thickest beds · of peat now
measure scarcely twenty feet. By compression and mineralization the
thickness would be reduced to one-sixth, or three feet at the most. vV e
have beds of coal of twenty feet .of thickness which would make a deposit of peat reach one hundred and twenty feet. And now the result
of this wonderful accumulation of fossilized debris of plants of the carboniferous epoch is known to everybody. We will not repeat what
Taylor, Rogers, Lesley, Sheafl'er, and others have published on the extent
of our coal-measures and on their coal-bearing capacit~'· The area covered by the carboniferous formations in the United States comprises
about one hundred and forty thousand square miles. It is true, indeed,
that tbe peat bogs of old did not extend over the whole surface; that
they were of various dimensions, separated by sandy hills or by deep
lagoons; that after the deposit of their materials, erosions caused by
water or other agency have greatly diminished their size. But it is true
also that beds of coal, like the Pittsburg bed, whose average thickness
is about eight feet, may be traced over surfaces more than one hundred
square miles in width. It is equall,y true that beds of coal are superposed
at intervals, in the coal measures, in such a way tha~ at the same place a
boring of a few hundred feet may successively pass through five beds of
coal or even m9re of various thicknesses. A boring of seven hundred and
fifty feet, recently made in the anthraci~e coal basin of Pennsylvania,
passed through· five beds of coal, respectively, four, eleven, five, twentyeight, and five feet thick, or more than fifty feet of anthracite, with
intervals of rocks, respectively two hundred and sixty, ninety-eight,
one hundred and seventy-four, and one hundred and thirty-six feet.
A section at vVilkesbarre, Pennsylvania, indicates sixty-two feet of coal
in a thickness of about six hundred feet of measures. A low bed of
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coal, the equivalent of the mammoth Yein of Pennsylvania, which
averages eight to ten feet in thickness,_ is found over the whole extent
of the coal-measures of Ohio, Kentucky, Indiana, and Illinois, measuring fi'om four to eight feet. So immense, indeed, are the riches of
the American coal-measures, that in their conception of the future development of our human race, geographers, historians, philosophers, agree
in this idea: that in the United States we have, especially in our coal
deposits, the elements for the greatest and most perfect development
of the human race.
.
And what is petroleum or mineral oil, too, which is now entering in our
civilization, if not as one of its essential elements, at lea1:lt as on~ of its
potent auxiliaries~ It is, like coal, the result of slow maceration of
plants; with this difference, that in the formation of the coal, the plants
which entered into the composition of the matter were woody or fibrous,
and the woody tissue cannot he destroyed b;y the slow process of com bustion no more than it is in burnt charcoal. The plants which concurred
to the formation of petroleum were sea-weeds or marine plants. These
have no fibers, no wood in their tissue, which is merely cellular; and
in their decomposition all trace of this tissue has been destroyed, ami
pure bitumen preserved, either by impregnation of shale or sandstone,
&c., or by accumulation in subterranean cavities. It is to fossil plants
also that we owe the explanation of this remarkable process of mineralization. Deposits of oil are especiaMy found in strata of the Upper Silurian and the Lower Devonian, and always in connection with shale or
limestone, which contain in great quantity petrified remains of fucoids
or marine plants. The conditions bringing up an exuberance of vegetation were already at work before the carboniferous epoch; their action
resulted in the production of an immense marine vegetation. As mtture
does nothing in vain, as she takes care of all its materials and uses them,
to the minutest debris, she took the bitumen away and preserved it in
caveruous recesses for future use. By the discovery of our deposits of
petroleum we have learned what had been done with the superabundant
production of marine plants in our old geological epochs. Coal and
petroleum are found in all the geological formations. But since the coal
era the deposits of these matters haYe become of comparatively rare
oQcurrence, and of far less importance, their value being diminished as
much by the reduction of their areas as by the iuferior quality of their
products. They 11ow take a nomillal and far more modest place in the
harmony of our earth's surface.

ON THE DISCORDANCE IN THE CHARAC'rERS OF EUROPEAN AND AMERICAN FLORA AT THE TERTIARY AND CRETACEOUS EPOCHS.

Since the first appearance of land vegetation upon the surface of our
earth, what we know of it by fossil remains seems to indicate for our
country a precedence in time in the development of botanical types.
Large trunks of coniferous wood are already found in our Devouian
measures, while analogous species are recorded as yet only in the caro
boniferous measures of England. Though the analogy of vegetation
between the flora of the coal measures of America and Europe is eYidently established by a number of identical genera and species, we baYe
nevertheless some types, like the Paleoxiris, which are considered as char-
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acteristic of strata of the European permian, and which are found in our
coal-measures as far down as the first coal above the millstone grit.
Even peculiar ferns of our upper coal strata have a typical analogy with
species of the oolite of :ffingland. Our trias, by the presence of numerous
cycade::e, touches the Jurassic of Europe. But it is especially from our
flora of t,he lower cretaceous that we have a vegetable exposition peculiarly at variance with that of Europe at the same epoch, and whose
types so much resemble those of the European tertiary that the evidence of the age of the formation, where the plants have been found,
could not be admitted by paleontologists until after irrefutable proofs
of it had been obtained.
Professor Newberry, in the report mentioned above, has already given
sufficient details of the history of these plants, the scientific value of
their discovery, the interest ~nd the discussion which they have kindled.
He has also rendered full justice to the researches of Dr. F. V. Hayden,
to whom we owe what we may consider as the most important materials
furnished at our time to the consideration of vegetable paleontology.
Professor Newberry's enumeration of our cretaceous and tertiary plants
is limited to what was known after the exploration of Messrs. Marcou
and Oappellini in 1863. Since then the researches of Professor Hayden
and Dr. J. Leconte have procured new materials, which have been described and figured for a final report of Professor Hayden's exploration.
These materials are now briefly examined in order to render as complete
as possible our review of the American cretaceous and tertiary flora and
of its relation to the European flora of the same epochs.
SECTION 1.-CRETACEOUS FLORA.

In 1867 Dr. John Leconte bad the kindness to send me a small lot of
cretaceous fossil plants from Fort Ellsworth, Kansas ; the same locality
where had been obtained the cretaceous leaves collected by Messrs.
Marcou and Capellini, and described by Profess.o r Beer. These plants
were figured and described as an appendix to a paper on species of fossil plants from the tertiary of the State of J\tiississippi.* Though the
lot of these specimens was small, it furnished an interesting contribution to the fossil botany of the cretaceous, especially in confirmation. of
what had been already remarked on the miocenic facies of this flora.
Besides Proteoides acuta, P. grevillic.eforrnis, Andromeda Pa-rla,torii, and
JJ[agnolia alternans, alreauy described by Professor Beer in his memoir
on the leaves of Marcou and Capellini, the appendix mentions a new
species, Populites rnicrophyllus, represented only by two partly-broken
specimens; Phyllites betul(J'folius, a leaf still smaller tllan the former
ones, with irregularly dentate borders and an irregular (somewhat obscurq) nervation ; Sassafras Leconteanurn, a fine large ovate lanceolate
leaf, resembling, by its outlines, a leaf of Magnolia, but with the peculiar nervation of sas~afras; Persea Nebrascensis, related to Persea lancifoUa (Heer) and other species of the mioeene and of the eocene of Europe;
Oinnamomum Heerii, (Lesqx.,) a plant already described from specimens
collected by Dr. J. Evans at Nanaimo.t This species, in both collections,
is represented by one specimen only; and as the Ellsworth specimen has
its base scraped away, and that of Nebraska has the point broken,. the
comparison of both leaves is not quite satif'factory, and. therefore the
identity is not certain. The leaves haYe, indeed, the same general out-
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* T:~;ans. Amcr. Phil. Soc., Vol. XIII, page :340, Plate 23, May, lr.367.
tAmer. Jour. of Nat. Science and Arts, Vol. XXVII, page 161.
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line and the same kind of nervation, and if not of the same species,
they belong to two nearly related species of Oinnammnum.
The following list is an enumeration of these cretaceous plants and
of those sent me somewhat later by Dr. F. V. Hayden, Dr. Leconte, and
a small lot presented to the Smithsonian Institution by Professor B. F.
:Mudge, of Kansas University. With the list of those published by
Professor Heer and Dr. Newberry, which is given in Dr. Hayden's former report, the table completes the exposition of what is known till
now of our cretaceous flora:
1. Pop'ltlus rnicrophyllus, Lesqx., Fort Ellsworth, J. L. C.
2. Phyllites rtttwjolius, Lesqx., Fort Ellsworth, J. L. C.
3. Persea Nebrascensis, Lesqx., Fort Ellsworth, J. L. C.
4. Sassafras Leconteanum, Lesqx., Fort Ellsworth, J. L. C.
5. Oinnamomum Heerii, Lesqx., Fort Ellsworth, J. L. 0.*
6. Lygodi'ltm, (?)fragment of fern, Northwest Salina, Kansas, B. P.l\1:.
7. Pterophyllum Haydenii, Lesqx., Decatur, Nebraska, F. V. H.
8. Glyptostt;·obusgracillimus, Lesqx., Dakota County, Nebraska, F. V. H.
9. Seqztoia (?) formosc(;, Lesqx., Decatur, Nebraska, F. V. H.
10. Ph!;·llocladus subintegrifolius, Lesqx., Decatur, Nebraska, F. V. H.
11. Arzmdo cretaceus, Lesqx., Fort Ellsworth, L. C.
12. Liqztidambar integrifolius, Lesqx., Northwest Salina, Kansas, B.
F.M.
13. Populus Lancastriensis, Lesqx., Decatur, Nebraska, F. V. H.
14. Populites cyclophylla, (?) Heer, Decatur, Nebraska, F. V. H.
15. Pop'ltlites elegans, Lesqx., Decatur, Nebraska, F. V. H.
16. Populites ovata, Lesqx., Dakota County, Nebraska, F. V. H.
17. Popztlites qttadrangularis, Lesqx., Decatur County, Nebraska, F.
V.H.
18. Populites jlabellata, Lesqx., Lancaster County, Nebraska, F. V. H.
19. Populites salisburimfolia, Lesqx., Lancaster County, Nebraska,
F.V.H.
20. Salix protemfolia, Lesqx., Decatur, Nebraska, F. V. H.
21. Betula Beatricictna, Lesqx., Beatrice, Gage County, Nebraska,
F.V.H.
22. Fagus polycladus, Lesqx., Decatur, Nebraska, F. V. H.
23. Quercus primordialis, Lesqx., Decatur, Nebraska, F. V. H.
24. Quercus hexagona, Lesqx., Oass County, Platte River, Nebraska,
F.V.H.
25. Qztercus Ellsworthianus, Lesqx., Lancaster County, Nebraska,
F.V.H.
26. Quercus anceps, Lesqx., Dakota County, Nebraska, F. V. H.
27. Quercus semi-alatlts, Lesqx., Beatrice, Gage County, Nebraska,
F.V.H.
28. Ficus(?) rhomboideus, Lesqx., Decatur, Nebraska, F. V. H.
29. Picus (?) .fimbriatus, Lesqx., Decatur, Nebraska, F. V. H.
30. Platanus aceroides, (?) Gopp., var. latior, Decatur and Lancaster,
Nebraska, F. V. H.
31. Platanus obtusiloba, Lesqx., Beatrice, Gage County, Nebraska,
F.V:H.
32. Platamts diminutivus, Lesqx., Beatrice, Gage County, Nebraska,
F.V.H.
·
33. Oredneria Leconteana, Lesqx., Fort Ellsworth, J. L. C.
34. La'ltrus nuwrocarpus, Lesqx., Decatur, Nebraska, F. V. H.
*These :five species from Trans. Amer. Phil. Society, loc. cit.; the following from
Amer. Jour. of Science and Arts, Vol. XLV, page 91.
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35. Sassafras ~Iuclgii, Lesqx., Northwest Salinas, Kansas, B. F. M.
36. Sassafras subintegrifolius, Lesqx., Northwest Salinas, Kausas,
B. F.l\L
37. Lyriodendron intermedium, Lesqx., Decatur, Nebraska, F. V. H.
38. Lljriodendron giganteum, Lesqx., five miles north 0f Fort Ellsworth,
Kansas, B. F. M.
39. Magnolia tem.tifolia, Lesqx., Decatur, Nebraska, F. V. H.
40. Dmnbeyopsis obtusiloba, Lesqx., five miles north of Fort Ellsworth,
Kansas, B. F. M.
41. .fleer obtusilobum, (?) Ung., Decatur, Nebraska, F. V. H.
42. Acerites menispermifolius, Lesqx., Decatur, Nebraska, F. V. H.
43. Negundoides acutijolia, Lesqx., Salt Creek, Dakota County, Nebraska, F. V. H.
44. Paliur~ts membranaceus, Lesqx., Decatur, Nebraska, F. V. H.
45. Rhamnus tenax, Lesqx., Decatur, Nebraska, F. V. H.
46. Phyllites rhoifolius, Lesqx., Lancaster County, Nebraska, F. V. H.
47. Pru.n us cretaceus, Lesqx., Decatur, :Nebraska, F. V. H.
48. Phyllites ~t1nbonatus, Lesqx., Beatrice, Gage County, Nebraska,
F.V.H.
49. Phyllites amorplws, Lesqx., Decatur, Nebraska, F. V. H.
Besides these fifty species, or rather forms of fossil plants which are
new for the American cretaceous, the specimens sent for examination
have numerous representatives of the following species already decribed: PlatanusNewberrii , Herr; Laurus (Persea) NebTascensis, Lesqx.;
Sassafras cretaceus, Newb'y; Proteoides Daphnogenoides, Heer; Pr.
acuta, Heer; Juglans (Populus) Debeyana, Heer; Prunus (Andromedct?)
Parlcttorii, Heer ; and Phyllites Vannonm, Heer. There is especially a
great quantity of specimens of that peculiar Juglans IJebeyana whose
leaves, some of them at least, resemble leaYes of Popul~ts. The great
difference in their size, and in the length of the pedicels ; the mode
of curving to one side, or dissymmetry of the small ones, while the largest
are exactly symmetrical, mark them as separate leaflets of a compound
leaf. For this and their nervation, they are referable to Juglans. Both
species of Proteoides are also represented by a large number of specimens, all with the former obtained from the same locality.
Considered in its whole, this group of plants has a strong miocenic
facies ; though we find in it already two species bel on gin g to genera
char<:tcterizing the European cretaceous. One is Pterophyllwm Haydenii,
a plant whose generic name cannot be correct or does not indicate the
true botanical relation ; for neither its leaves nor its cone can be referred to Oycadem. But two fragments like ours, of branch with leaves
and of a cone, have been described and figured under this generic name
by Stiehler, from the cretaceous of Europe, and the affinity of this plant
being unknown, I preserved the name on account of geological analogy.
The other species is the beautiful Oredneria Leconteana, a large leaf,
represented by a single specimen, unluckily broken. The essential
character of the genus is preserved in a small part of the basilar horizontal nerve, as seen in the figure. A few of these new species of our
cretaceous do not have any analogy with any others known as yet from
the tertiary or the cretaceous or from the flora of our time; the species,
for example, described under the generic name of PopuUtes, which have
the secondary nervation straight and continuous to the borders, like
leaves of Platanus, the round outlines of leaves of Populus with their
base narrowing to a long, slender petiole as in the Beech; the leaves also
described as Quercus semi-alatus, which are broadly lobed on one more
enlarged side, and entire ovate on the other. Especially of unknown
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type is the peculiar Fimts (?) jimbriatus, represented by a broad, reniform leaf, whose borders are fringed by small, nearly triangular, concave protuberances, equally distant from P-ach other, and turned upwards.
Out of those few exceptions, the primordial character of the flora, as
indicated by the plants enumerated above, is distinctly Northwest
American. The list contains species of Liq~tidambar, Popul~ts. Sa.li.r,
Betula, Fagus, Quercus, Pla.tanw;, Saesafras, Liriodendron, JJiagnolia,
Acm·, Rhamnus, Prunus, &c. If some of these species may be regarded
as of uncertain value, there cau be no doubt on their relation to the
genera to which they are assigned, all represented in our actual flora.
Even the exceptions to this Northwest American character are very
few. Besides the now extinct races, like Credne1·ia and Dombeiopsis, we
can record only the species of Proteoides as referable to Australian forms,
with Phyllocladus, indicating· an Eastern Asiatic origin. This last is represented by a single specimen, which, though well preserved7 is not sufficient to prove generic affinity. As for the genus Cinnammnum, it is so
closely related to Sassafras that its nativity could as well be assigned to
this country, if it did not have more numerous representatives in the
tertiary and cretaceous formations of our western continent, thus indicating its ori~dn from Asia, where a number of its species have been
preserved to our time.
From all that has been published on the subject, it is fully established
that besides its Asiatic types, the original characters of the mioceuic
flora of Europe are Northwest American. It is not therefore surprising
that the first fossil plants of our cretaceous measures should have been
considered as miocenic as long as their geological position had not been
positively ascertained. But even now, with full evidence afforded to us
ou the subject, it may be still doubted if the relation of epochs between
the plant-bearing strata of Nebraska and those which lay over them
and contain cretaceous mollusks is rightly indicated. by the fossil remains. For as it is now ascertained that at a great depth the present
fauna of our seas is related, if not analogous, to the fossil fauna of some
cretaceous rocks, the depth at which have been deposited the calcareous strata overlaying the sandstone containing our leaves, may have
caused what might be c;:tlled an unconformable development of zoOlogical
t3·pes. This question is merely hypothetically touched in order to pre. sent it to the attention of geologists and paleontologists.
SECTION 2.-TERTIARY FOSSIL PLANTS.

We have first to complete the list of our tertiary fossil plants as it has
been done for those of the cretaceous formations. Be~ides the speci~s
described from the specimens of Dr. F. V. Hayden and Dr. Leconte, the
following list enumerates anum ber of others from the tertiary of l\fississippi. These have been established from specimens furnished by Professor E. W. Hilgard, mentioned in his geological report of the State
of Mississippi,* and hereafter described and figured in Trans. Am. Phil.
Soc., as remarked above. Their geological position is not definitive}~~
ascertained. They appear referable to the lower tertiary, (the eocene.)
Species from :Mississippi:
Calamopsis Danai, Lesqx.
Sabal Grayana, Lesqx.
SalisbttrictJ binervata, Lesqx.
*Report on the Geology :md Agriculture of the State of Mississippi, by Eng.
gard, (1860,) pp, 108, 109, &c. '

·w. Hil-
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Pop'ltlus monodon, Lesqx.
Pop'ltlus nmtabilis var. repando-crenata, Heer.
Salix Wortheni'i, Lesqx.
Salix tabcllaris~ Lesqx.
Quercus Moorii, J,esqx.
Quercus Lyellii, Heer..
Quercus ret1·acta, Lesqx.
Quercus chlorophylla, U ng.
Oelt·is bre'lYifolia, Lesqx.
Fim~,s Schimperi, Lesqx.
Ficus cinnamomoides, Lesqx.
Launts pedatus, Lesqx.
Oinnamomum Jlfississippiense, Lesqx.
Banks·ia Hel'l)etica, IIeer.
Persea lanc·ifolia, Lesqx.
Cea,noth'lts lllei.q.c.;i-i, Le~qx.
Sapindus 'ltndu.latus, AI. Br.
Rhamnus marginatus, Lesqx.
Juglans appressa, Lesqx.
J'ltglans &a.ffordiana, Lesqx.
Magnolia .Hilgardiana, Lesqx.
lllagnolia laurifolia,, Lesqx.
llfagnolia Lesleyana, Lesqx.
Jlfagnolia orrtlis, Lesqx.
Ma.gnol,ia cordijolict, Lesqx.
As-imina leiocarpa, Lesq x.
Phyllites trunccttus, Lesqx.

Species collected by Dr. J. Leconte:*
Rhantnus obovatus, Lesqx., upper end of Purgatory Canon, Oolorado.
Ar'ltndo, fragments, Purgatory Canon, Colorado.
Berchemia parvifolia, Lesqx., Raton Pass, Colorado.
Oinnamomwn affine, Lesqx., Raton Pass, Colorado.
Abietites d'tt.bius, Lesqx., Raton Pass, Colorado.
J'ltglans Leconteana, Lesqx., Raton Pass, Colorado.
Echitoniwn Sophiw, (~) Web., Haton Pass, Colorado.
Ace1·, (~) numerous small fragments undeterminable.
Species from Dr. Hayden's specimens:
Corn'lts incompletus, Lesqx., Marshall Coal, Colorado.
Rhamnus salicijolius, Lesqx., 1\farshall Coal, Colorado.
Cinnammnum affine, J.Jesqx., Marshall Coal, Colorado.
Lygodium, fragment, Marshall Coal, Colorado.
Phyllites sulcaf'lts, Lesqx., :Marshall Coal, Colorado.
Echitonium Sophice, Cn Web., Marshall Coal, Colorado.
Juglans Leconteana, (~) Lesqx., Marshall Coal, Colorado.
Quercus Lyellii, (~) Heer, Marshall Coal, Colorado.
Quercus chlorophylla, (~) Heer, Marshall Coal, Colorado.
Dr. Leconte obtained from the same locality fragments of Acer allied
to A. strictum, Gopp.; of Juglans allied to J. amtminata, Heer; of Cornus, Banlcsia, &c.; aU too small and broken for satisfactory examination.
*These species and the following ones of Dr. F. V. Hayden have been figured and
described for the final report of Dr. Hayden, but the descriptions have not been published as yet.
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With these, in specimens of Dr. Hayden and Dr. Leconte:
Lastrma (~) dentata, Lesqx., Golden City, Colorado.
Magnolia tenuinervis, Lesqx., Golden City, Colorado.
And from Dr. Hayden's specimens :
Platanus aceroides, Heer, Rock Creek, Wyoming.
Populus attenuata,, AI. Br., Rock Creek, Wyoming.
Populus subrotundus, Les.qx., Rock Creek, Wyoming.
Populus cequaUs, Lesqx., Rock Creek, vVyoming.
Quercus acrodon, Lesqx., Rock Creek, Wyoming.
Querc~ts Haydenii, Lesqx., Rock Creek, Wyoming.
And fragments of Acer and Popuhts, species undeterminable.
The group of plants from Mississippi has a more recent facies than
the cretaceous leaves of Nebraska. Except the beautiful pinnate palm,
( Oalamopsis,) distantly related to species now living in equatorial regions, and a remarkable Salisburia, which does not in the least resemble
the only remaiuing species now living in China, most of its genera are
represented here at our time, and a number of its species are allied to
living ones. Some others, like Quercus Lyellii, Q. chlorophylla, Banks·ia
Helvet-ica, Sapindus undulat·us, are considered as identical with species
of the miocene of Europe, and this all, therefore, indicates with the
miocenic age a nearer relation than that marked by the characters of
the cretaceous flora of Nebraska and Kansas. This, however, is uot a
positive evidence of contemporaneity, and it is probably right that the
strata where these fossil plants were obtained should be considered as
pertaining to the eocene, or e\en to the upper cretaceous. Indeed, Dr.
Leconte's species from Raton Pass are not less miocenic in aspect, for,
except the numerous fragments of an Abietites, analogous to remains of
the same kind from the European cretaceous, all the genera are represented at our time. From the animal remains, howeYer, found in connection with the coal-bearing strata of Raton Pass, Dr. Leconte considered them as cretaceous.* If it is right, from ·what we have seen of its
fossil flora, the Marshall's Coal should be admitted also as of cretaceous
age, as the specimens from both localities have plants apparently identical- Oinnarnornurn a.tfine, Echitonium Sop him, Juglans Leconteana.
These specimens are indeed very incomplete-mere fragments represmiting vegetables whose identification is difficult and not absolutely
reliable; nevertheless, the flora bears, evidently, the same character
at both localities, as its facies also is related to that of the Mississippi
flora. The character is far different from that of our true miocenic
flora, as it is indicated by the small group of plants obtained by Dr.
Hayden at Rock Creek, Nebraskn; for here on six species onl~T there
are two identical with miocenic species of Europe, and five are closely
allied to species of our Eastern North American forests. One onl,y, the
beautiful Quercus Haydenii, is related to species of our Western coast.
The specimens of Rock Creek are mostly perfect remains of plants easily
studied, and their characters undoubtedly ascertained.
No less miocenic in their characters, though of different family relations, are the remains of fossil plants obtained by Dr. F. V. Hayden in
his last exploration, and just now received for examination. These
specimens merely belong to two strata; those labelled Henry's Fork,..
~Iuddy Creek, and Black Fork being on a kind of hard, silicified limestone, with remains of the same species of plants, and therefore incli~ Notes on the Geology, &c., from Smoky-Hill River, Kans:ts, to the Hio Grande, by
J. L. Leconte, 1868. Columbus, 7th January, 1871.

384

GEOLOGICAL SURVEY OF THE TERRITORIES.

eating identity of horizontal station; those from Barrel's Spring upon
yellow ferruginous shale, having upon all the specimens the same species
of fossil plant also, but of a different group from that of the former.
Henry's Fork specimens have:
1. Pteris pennrejormis, Heer, in numerous but indistinct specimens.
The species may differ somewhat from that of Europe, but, in the state
of the specimens, the difference is not appreciable. It is a large, lanceolate leaf, varying from one to three inches in length, and from one-half
to three-fourths of an inch broad, with a thick, half-round medial nerve,
and thick, mostly simple, secondary veins, obliquely curving to the
borders. This species is not 'r are in the miocene of Germany and Switzerland.
2. Broken, obscure remains of a large leaf, with thick, oblique, straight,
closely-approached secondary veins; neither the middle part nor the
medial nerve, nor the borders are seen. It may be compared only to
some Palmacites, or to the leaf described as Zingiberites, from the miocene of Europe, by Professor Heer.
3. Fragments of a Oalamopsis, or palm leaves,(rachis not seen,) one inch
broad and as far distant from each other, marked lengthwise with four
narrow tertiary veins between the more distinct secondary ones, :five to
six in number.
4. Leaves of a Oyperites, with the same areolations as Oyperus Ohavanensis, Heer, but only half as broad.
From l\'Iuddy Creek :
5. Aspidium (Lastraea)pulchellum, Heer, or A. Fisheri, Heer. Though
small, the specimens are distinct. The leaflets are slightly broader than
in this last species, and not quite as large as in the former. An intermediate form, equally referable to both of the species of the miocene
of Europe. All the specimens of the former and of the following locality
have fragments of it.
~.,rom Black's Fork: The specimens have only fragments Qf the last
species, and of Pteris pennreformis, with undeterminable leaves of Oype'rites, resembling Oarex tertiaria, Heer.
Barrel Spring: All the shale have numerous remains of the three
following species. The fourth is represented in only one :
6. Lygodium neuropteroides, Spec. nova. A beautiful fern, of which
only separate leaflets are preserved. These, from one to two and a half
inches in length, proportionally broad, are linear lanceolat--e, slightly
obtuse, either entire or more generally divided from below the middle
in two or three linear lanceolate lobes, like the living Lygodium Salicifolium. But the nervation is far different, rather comparable to that of
a Pteris than to that of a Lygodi~tm. The medial nerve is thin; the
secondary nerves branch three or four times in curving to the borders.
It is a nervation like that of some species of Neuroptcris of the coal
measures, especially of N e~tropteris hirsuta, which the large, entire leaflets also resemble in their form. The relation of this beautiful fern is
with species of ~Jgodium and of Osmunda of the European miocene, but
this relation is distant indeed.
7. A floating stem, like Myriophyllum, referable perhaps to one species
of this genus. As the divisions are pretty thick, it may be t'ather compared to the roots and rootlets of Pra.gmites Oenigensis, Heer. 1t
is e\idently related to species of our time. This Pragmites of Beer is
from the miocene of Europe. Leaves of a species of this genus have
been published by the same author from the tertiary of Alaska.
Oyperus Deucalionis, Heer. The specimens have a number of leaYes
of this species, whicb show all the yarieties of the European p1ant with-
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out any appreciable difference, varying from one-eighth to one-fourth of
an inch broad. The broadest of ours is just of the same size as the leaf
published in Sismonda's memoir, from the tertiary of Italy, as Oyperites
Deucalionis ~ IIeer. It is evidently the same species.
9. Fragments of leaves of a Sa bal. The rachis is not seen, anu therefore the species is not determinable. By the large divisions of its leaves,
it resembles &tbalmajor of common occurrence in the miocene.
10. A sheath-bearing leaf of grass, undistingnishable from the one
:figured by lleer in his tertiary flora, Tab. XXV, Fig. 10, and described
as Poacites lccvis.
From the small number of the above-mentioned species, it is not possible to mark between both groups of plants a difference of stage in the
formations where they have been found. But it is evident tbat none of
these species indicates an older formation than that of the middle tertiary
or miocene. All the Glumacem, species of Oarex, Oyper'us, Anmdo &c.,
have not been found as yet in formations older than the tertiary, and
our ferns of the group of Aspidium (Lca~trcca.) as well as all the species
of Lygodi~l/m, are also characteristic of the miocene formation. Therefore the group of these plants, taken in its whole, is evidently of the
middle tertiary.
The peculiar facies of these plants indicates their origin as from prairie
swamps, covered merely with grasses, ferns, and low palms. The fossil
remains do not show any traces ofleaves of dicotyledonous trees, or of any
arborescent plant whatever. It is for the first time that this facies, so
often remarked in ter.t iary specimens of Europe, has been observed iu
those of our country.
CoLUl\1Bus, 0Hro, January 12, 1871.

VI.-ON THE FOSSIL REPTILES AND FISHES OF
THE CRETACEOUS ROCK:S OF KANSAS.
BY PROF.

E. D.

COPE.

REPTILIA.
The species of reptiles which have been found in the cretaceous strata
west of the J\iississippi River up to the present time number fouTteen.
Five of these pertain to the Sauropterygia, one to the lJinosauria,. and
seven to the Pythonornorpha. In the present report attention is confined
to the species discovered near the line of exploration of Dr. Hayden, or
that of the Kansas Pacific Railroad, and that of Professor B. F. Mudge,
of the State Agricultural College.
During the period when the cretaceous ocean extended from Eastern
Kam;;as over the present site of the Rocky .l\lountains, and from the
Gulf of Mexico to the Arctic Sea, it abounded in life. Among vertebrata, fishes and marine reptiles chietl.r abounded, and in varied forms.
Many of the reptiles were characterized by a size and strength exceeding that seen in any other period of the world's history. The species of
Sauropterygia and Pythonomorpha were all aquatic, but the two types
present very different adaptations to their mode of life. While the
former possessed two pairs of limbs, the latter appear to have possessed
an anterior pair only, or with the posterior pair so reduced as to have
been insignificant. They substituted for them an immensely long and
25 G
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flattened tail, which they used, like the eels and sea-snakes, as an oar.
The Sa.uropterygia were generally stout-bodied and with a Yery markedly
distinct neck. In the Pythonomorpha, on the other hand, the body was
snake-like, with narrow chest and neck scarcely differing in diameter,
1'hey were immensely elongate, and might be called sea-serpents with
considerable propriety.
Of Sauropterygia, Polycotylus had a slender neck and Yery stout
limbs; but in Elasmosaurus the neck attained dimensions exceeding that
of any vertebrated animal. The species E. platyurus was probably the
longest of the order, measuring perhaps fifty feet, but of this the neck
amounted to twenty-two feet. This creature was carnivorous, and coulu,
no doubt, like the snake-bird, swim at a considerable distance below the
surface of the water and reach to the surface for air, or explore the
depths or plung·e for fishes to t.he depth of forty feet.
Among the Pytlwnomorpha the Lioclon dyspelor is the largest species
and the Clidastes intermedi~ts the smallest. A. specimen of JJfosasaurus
missuriens'is obtained by William Webb near Topeka is stated by him
to measure sevent~~-five feet in length. Should this be substantiated,
the L. dyspelor was at least one-third larger. This is, howeyer, as yet
uncertain.
The upper arm bones of the Clidastes are remarkably short and wide,
and furnished with strong processes for the insertion of muscles. They
are among reptiles much like those of moles among quadrupeds, and, as
in the latter, indicate probably great power of propulsion in the fore
limbs. The finger bones were loug and slender and formed a long fin
or flipper, while the upper arm was probably concealed in the skin.
The whole limb came off but a short distance posterior to the head.
These reptiles, so far as known, were all carnivorous; their food was
chiefly fishes. Some of the species on which they preyed are enumerated in the portion devoted to them, and their structural characters
pointed out.
.As it is desirable to develop the science of geology, the writer would.
be glad if his friends in the West would forward to him, in Philadelphia,
at his expense, specimens of bones or teeth which the,y may find. He
will return to them determinations of their nature, aud credit them
with discoveries which may result from their care and interest in preserving them, in the publications of scientific bodies.
SAURO PTERYGIA.
POL YCOTYL US, (COPE.)

Trans. Amer. Philos. Soc., 1869, p. 34.

This genus is established on a series of vertebr::e with portions of
pelvic arch and posterior extremit,y, discovered in the upper cretaceous
of Kansas by vV. E. Webb, superintendent of the land office in Topeka,
Kansas. The point at which the remains were found is about five miles
west of Fort Wallace on the plains near the Smoky Hill River, Kansas,
in a yellow cretaeeous limestone.
·
The animal thus indicated is of interest in American vertebrate paleontology, as the first true Plesiosauroid determined within our Jimits.
That its affiuities are nearer to Plesiosaunts than to Elasmostturus will
be apparent from the following description.
Tlwre are wholes or portions of twenty-one vertebr::e, of which but
two retain their neural arches, and six are represented by neural arches
only. Four centra. may be referred to the caudal serjes, the remainder
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to the dorsal ; only two indicate the characters of the cervical vertebrm. All of these Yertebrm, except the distal caudals, are remarkable
for their short anteroposterior diameter and deeply-concave, articular
faces. This conca\ity is not, however, of an open conic form, as in
Ichthyosaunts, but is flattened at the fundus, thus exhibiting a small,
slightly disciform area. The usual pair of venous foramina appears on
the under side of the centrum. The neural arch is continuous with the
latter, and exhibits no trace of connecting suture. The diapophyses
arise from the neural arch in all the dorsals; they are compressed and
vertical in section. The arch is of course narrow anteroposteriorly, and
presents a pair of moderatelJr prominent zygapophyses in each direction,
the posterior as mmal articulating downwards, the anterior upwards.
On some of the vertebrm they become closely approximated. The neural spines are narrow anteroposteriorly, but much stouter transversely
than in Elasrnosaurrus j they are strongly grooved at the base, both anteriorly and posteriorly, most so posteriorly.
The caudal Yertebrm are anteriorly quite as large as the dorsals. Two
anterior caudals present, on the latero-inferior part of the posterior margin, a pair of widely-separated, articular surfaces for chevron bones.
A portion of one of the latter remains; it is narrow and subcylindric at
the base. The diapopllyses are situated on the upper part of the centrum, and are continuous with it, and without trace of suture. Tbt>re
are two distal cervicals which are much smaller than the preceding.
They are solidly coossified and have been broken from one anterior to
tbem, with which they have been also ankylosed. Processes in the position of tile diapophyses have disappeared, while a strong infero-lateral
process projects from the middle of each, similar in position to the parapophyses (or whatever they may be) of the Elasrnosawrus. These processes are decurved and much thickened and rugose; they may be described as more or less elongate conic. Tile neural canal of these vertehrrn is well marked, though small. ·The coossification of cervical vertebrm is a remarkable character, and yery unusual. It does not seem
probable that these specimens represent a diseased condition, since they
are symmetrical, and the inferior surface and foramina are unaffected.
The rugosity is mueh that of a ligamentous articulation. Their size indicates a remarkably slender neck as in Plesiosaurus, but even more so,
and perhaps as elongate as in Elasmosa~trus.
Tilat the portions of an extremity alluded to belong to the posterior is
rend ered probable by the presence of part of an ilium, and by the fact
that the portions of the vertebral column secured are chiefly median and
posterior. TlJe fragments consist oft he extremity of the femur, the tibia,
several tarsal bones, and numerous phalanges. The whole limb is of
great size, compared with the vertebral column, and indicates powerful natatory capacity in its possessor. vVhat the relatiye lengtil of
the femur may be cannot be ascertained, as the proximal portion is wanting, but if it were like the tibia it was characterized by stoutness rather
than by length. The portion remaining is flattened, and pre~ents distally
two distinct articular faces for ulna and radius, instead of the uniformly
convex outline characteristic of most of the species of Plesiosaur·us. The
tibia is pentagonal, broader than long, and not emarginate externally.
The :fibula is wanting. One of the tarsal bones is a flat, unequally hexagonal disk, of less thickness than the tibia and the tarsals which appear
to connect with it. One of the latter is transverse parallelogrammic,
with three faces of broad plane articulations and the outer edge rounded
in section. Another tarsal or metatarsal is a parallelopipedon except
that one extremity presents two faces meeting at a right angle. Another
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is similar, but oblique, i.e., rhombic in section ; one of the longitudinal
angleR is also prolonged.
Of the phalanges there are individuals from three series. Portions
of flat bones, perhaps belonging to the pelvic arch, indicate, as do all
tho other pieces, that the bony structure in Polycotylus is more rnassiYe
than in Elasmosa~trus, if the only known species has not attained such
hnge dimensions as some of the latter. These fragments do not throw
much light on the structure of the pelvic arch.
The structure of the bones is, like that in the order generally, of the
coarsest description. There are no medullary cavities, but the medullary cells are large, and extended eyery\\·here in the direction of the
axis of each bone.
The characters which separate this genus from Plesiosaunts may be
derived from the preceding as follows :
First. The deeply biconcaYe, and very short vertebral centra.
Second. The tibia broader than long, resembling those of Ichthyosau,?'us.

Third. The coalescence and depression of the cervicals.
Fourth. The continuity of the neural arches.
Fifth. The continuity of the diapophyses of the caudals.
The only genus with which this genus compares nearly is the Thaumatosa~trus of Meyer.
This is known by but a few fragments, and of
these but few are present in tbe Kansas animal. The character on
which I rely at present. to distinguish them is the much less concavity
of the dorsal vertebrm in Thamnatosaur'lts. This is, boweYer, not entirely satisfactory. Tlwumatosaurus oolithicus, 1\Ieyer, is from the lower
oolite of South Germany.
The bones are thoroughly mineralized, and the adherent matrix is a
light-yellow, chalky limestone, similar to that \Vhieh yielded the :fine
fragments of the Liodon proriger. This, Dr. Leconte informs me, is
probably Meek and Hayden's Upper Cretaceous No. 3, and is a higher
horizon than that near Fort "\Vallace, from which Dr. Turner procured
the Elas?JWSrt'ltrus plaf!Jltr?cs. The specimens were all taken out under
the direction of "\V. E. Webb, of Topeka, from the same spot. From
every point of view there is reason to believe that they belong to the
same animal.
POLYCOTYLUS LATIPINNIS, (COPE.)

Loc. Cit., p. 36, Plate I, Figs. 1-13.

The anterior dorsal vertebrm have the centr~ slightly compressed or
vertically oval, while the posterior are more rounded. The anterior
caudals appear to haYe been round or nearly so; they are somewhat
distorted by pressure. The sides of the centrum are slightly concave
in the longitudinal <lirection; below there is no carina, but at least two
venous foramina. There is another large foramen on the side of the
centrum, usually not far from the neural arch; there are usually other
smaller foramina below this. The bases of the diapophyses are longitudinally grooved behind, and separate a concavity of the arch in front
of them from one behind. In the most median the most elevated diapophysis stands about equally on the neurapophysis and the neural
spine above it. The diapophyses are vertically compressed, and the costal articulation of the only one presenTed is in the same plane. The
margins of the external surfaces are not coarsely striate as in many
Smwopte'rygia. The venous foramina of the distal cossified crrvicals are

389

GEOLOGICAL SURVEY OF THE TERRI'.t.~OH.IE~.

in pairs, and of large size. In the proximal can<lals the <liapophyses
are above the middle of the sides of the centra. In one the basis of a
chevron is preserved. It is cylindric and striate. The zygapophysis
on the hinder aspect of a dorsal has a disciform articular surface directed outwards and downwards ; the prominence of its upper face is
continuous with the }~teral ridge of the neural spine. The anterior uplooking surface is equally small and little <livergent.
Inches.

Length two co0ssi:fied cervicals. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Width anterior in front . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Depth anterior in front. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Vertical diameter centrum dorsal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Transverse diameter centrum dorsal . . . . . . . . . . . . . . . . . . . . . . . . . . .
Antero-posterior diameter centrum dorsal, (below) ..............
Vertical diameter centrum dorsal, (poster) ......................
TransYerse diameter centrum dorsal. . . . . . . . . . . . . . . . . . . . . . . . . . .
Transverse diameter neural canal . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Longitudinal diameter base neural. spine... . .................
Longitudinal diameter base diapophysis . . . . . . . . . . . . . . . . . . . . . . . .
Length between extremities zygapophyse£, (dorsal) .............
Depth of cup of vertebrm.................. . . .. .. . . . . .. . . . . .
Length centrum anterior caudal ...............................
Distance between bases chevron bone. (caudal). . . . . . . . . . . . . . . . .

2 . .J
1. 7
.9
3. 42
2. 7
1. 85
2. 98
2. 9
. 86
1. 22

f. 2

2. 26
. 63
1. 73
2. 58

It may be observed the anterior eaudals have a nearly round articular extremity; one of them is a little wider than high, but they are too
much distorted to furnish reliable measurements.
The portion of ilium preserved is an extremity. It is fiat on one side
and ~On\ex on the other. The shaft is solid. The articular extremity
is oblique, and presents a truncate extremity, which is at right angles
to a short, recurved margin, which has been au insertion or articulation;
the flat surface is rugose distally. Long diameter of extremity, 2.75
inches ; of shaft, 1.9 inches. The articular faces of the extremity of
the femur are at an open angle wit.h each other, and are strongly concave in transverse section. The femur is here very flat, with narrow margins; it becomes stouter with diminishing width. Distally the surface
is marked by grooves and small foramina. What may be tibia is the
basal frustum of a wedge ; the articular faces broad, the outer margin
narrowed; the faces slightly concave. The inner margin is shorter
than the outer, and the distal part of it presents a broad, articular face.
Some of the tarsal bones have been already described. There are thirteen metatarsals and phalanges. They are of stout proportions and are
considerably constricted medially. Those of one series are square in
section ; those of another, transverse; those of the third transverse
with one edge thinned or acuminate in section. Some of each form are
more elongate than others.
Inches.

"\Vidth femur at extremity, (restored) ..........................
Depth femur at extremity, (median) ....... ...... . .............
vVidth femur four inches from extremity .......................
Thickness femur four inches from extremity . . . . . . . . . . . . . . . . . . . .
Width tibia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Length externally. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Width tarsi tibiale . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..............
Thickness tarsi tibi<tle ........................ _ . . . . . . . . . . . . . . . .
Length parallelopiped phalange ............... _.. _ .......
v. •

•

8.
1. 3

6.
1. 95
3. 88
2. 6

2. 48
1. 52
1. 56
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Width parallelopiped phalange ................................ 1. 2
Thickness parallelopiped phalange. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1. 2
Thickness depressed phalange. . . . . . . . . .. . . . . .. . . . . .. . . . .. . . . . . 1.
Width depressed phalange . . . . . . .. .. . . .. . .. . . .. .. . .. .. .. .. .. .. 1. 4
Length depressed phalange ................................... 1. 9
These powerful extremital pieces indicate a body to be propelled, of
not less than usual proportions. If this be the case the number of dorsal vertebrrn is considerably greater than in the species of this order in
general, and approaching· more the Ichthyosauri. I do not intend to
suggest any affinity between the latter and the present genus, as none
exists. What the extent of cervical vertebrre may have been is uncertain. The ca.udals have probably been numerous, though not probal>ly
so extended as in Elasmosaurus.
The size of the species can l>e approximately estimated from the proportions furnished by Owen (Reptiles of the Liassic FormationR) for
Plesiosaurus rostratus. The skeleton of this species measures eleven
feet eight inches, and the dorsal vertebrre are of less vertical and equal
transverse diameter compared with those of the present saurian. vVe
may therefore suppose that the latter exceeded the former in dimensions.
William E. Webb, of Topeka, discovered the specimens from which
this species was first described, and liberally forwarded them to me for
examination and description. Other specimens have been discovered
since that time by various other persons. I have received numerous
fragments of an individual of about the size of the one above described,
which were found by Professor B. 1:!-,. Mudge, at a point near the mouth
of the north branch of the Smoky IIill Hi ver.
These consist of a few vertebrre, portions of pelvic and scapular
arches, and three proximal bones of the limbs. Which of these is
femur and which humerus I am unable to determine, owing to their
close reseml>lance. The vertebrre do not differ from those of the specimen just described. The limb bones are stout and expanded and
thinned distally; this thinning is remarkable and indicates a muchflattened metapoclial region. The head is slightly expanded, the articular face being turned obliquely to the inner face of the shaft; the surface
is pitted for attachment of the articular cartilage; two-fifths the length
from the proximal end is an extensive and exceedingly rugose surface,
as wide as the shaft, for the insertion of the adduetor muscles.
M.
Diameter of centrum of lumbar vertebrre ....... - ....... _...... 0. 08
Length ("?) humerus ......... .. ....... _. . . . . . . . . . . . . . . . . . . . . . . 0. 45
Diameter head ...... _....................... _.... _....... _. 0.125
Diameter shaft .... .. .. - ................ . - . . . . . . . . . . . . . . . . . . . 0. 098
Diameter dh;tal end (transverse) restored in part ............... 0.18
Should the humerus have been related to the fore limb as in Plesiosaw·us dolichodirus, Cony b., the latter would have had a length of four
feet three inches; as the proportions of the radius and phalanges are
shorter, the limb was probably relatively shorter. If related to the
total length, as in the same Plesiosa~tr, the humerus would indicate a
length of seventeen and a half feet. As the cervical vertebrre become
· attenuated as compared with the dorsals to a greater degree in Polycotylus than iu Plesiosaurus, I have little doubt that the length of this
species exceeded that amount.
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ELASMOSAURUS, (COPE.)

Leconte's Notes on Geology of the Route of the Union Pacific Railroad, 1868, p. 68.
Cope, Proceed. Acad. Nat. Sciences, 1868, p. 92. Transac. Amer. Philos. Soc., 18o9, p. 44.

This genus has been more completely preserved to us than an~T other
American representative of the order, and hence may be accepted as
most clearly expressive of its characters. In the interpretation of these,
however, considerable difficulty has been experienceu, as the structure
form appears, at first sight, to revers~, to a remarkable degree, the usual
proportions of known reptiles.
The determination of the anterior extremity of the vertebral column
has been rendered certain by the fortunate completeness of the cervical
series, as the extraordinary length of the latter, equaling three times
that of the body, renders the most careful scrutiny necessary.
The neural arches are every where continuous with the centra, without sign of suture, and are externally plane. The neural canal is exceedingly small for the size of the vertebr&, especially on the lumbars
and caudals.
The dorsal vertebrm are remarkable from the fact that the diapophyses
disappear on the anterior part of the series, and gradually diminish in
length from behind forwards to the point of disappearance. On the
median and posterior parts of the series, they are very elongate, and
rise for a short distance from the basis of the neural arch. Anteriorly,
they descend and shorten, and :finally remain only as the slightly elevated borders of rib-pits. Throughout the whole of the anterior portion
of the column to the cervicals, the neural spines are of great elevation,
and of such antero-posterior extent as to be nearly continuous.
The cervical vertebrrn are not only more numerous, but become anteriorly much smaller and more attenuated than in its allies of the same
family. They are remarkably compressed, the centra much longer than
deep, and deeper than wide, and with smooth concave sides.
The ribs of the anterior cervico-dorsal region are inserted directly in
the vertically oval pits of tbe centrum. Immediately at the point where
these cease thin transverse processes appear to arise from the lower
edges of the rib pits. They form a continuous series with the ribs, and
soon rise from the plane of the lower face of the centrum, and are
directed obliquely downward. At the end of the cervical series they
are directed nearly vertically downward. The number of these vertebrm is very great, the anterior diminishing to a very small size; the
whole measuring a little more than half the total length.
Most of the cervicals possess two venous foramina below; the dorsals
two, and most of the caudals one.
The resemblance of the caudals to the usual type of Plesiosaurus is
seen in the fact that each bears near its posterior articular aspect, on
the inferior face, a pair of articular surfaces for chevron bones. Similar vertebrm bad been described by Leidy as the caudals of a genus he
called Discosaurus; the study of the present genus shows that they are
really of the caudals of the allied genus Oinwliasaurus.
The ribs are simple-headed; the abdominal ribs seen in Plesiosaurus
are possibly wanting, as none are found by the discoverer of the fossil,
after a careful search.
The end of the mllzzle, wHh symphysis mandibuli, was preser·ved.
This is flat, the symphysis rather short, the premaxillary grooved at the
intervals between the dental alveoli. The teeth are deeply implauted,
with small pulp cavity; are cylindric, and furnished with nearly straight
elongate conic crowns, which are minutely bnt sharply striate to the
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tip; the ridges straight, continuou·s. There are no indications of nostrils, so that these were probably posterior, and near the orbits, aR in
Plesiosaurus.
The pelvic arch is more extended than the scapular, and strongly
resembles the pel vic arch of other Plesiosauridm. Th~ scapular arch is
peculiar; the claviculi are broad, flat bones, resembling the pubes of certain tortoises, while the coracoids are much like the coracoids of Plesiosaurus.
The scapular arch is remarkable for the resemblance of coracoids to
those of Plesiosaurus. The clavicles have a greater transverse extent
than the former, and have a very extensive line of union medially, and
a narrow posterior prolongation, which meets a similar anterior one of
·the coracoids, separating the intervening foramina. They appear to
form about one-third of the walls of the glenoid cavity, and have a constricted base, as in some Plesiosauria, applied to the extremity of the
coracoid. The form of the glenoid cavity cannot be readily ascertained
from the absence of the scapula. What we have of it would suggest
the existence of a fore limb~ of comparatively little power, though no
·remains of such have been found. The acetabulum is smaller than the
glenoid cavity; this point, with the obvious source of propulsive power
in the tail, renders it probable that the posterior limbs were the weaker
of the two, if any existed. But there is no trace of sacrum, nor of any
modified diapopyses for support of an ilium.
The ischia are flat, sub-triangular bones, with a long median line of ·
junction, and communicating anteriorly with the posterior prolongation
of the pubic plate. Their postero-exterior margins project well backward. The pubes are broad plates, whose anterior margins diverge
from each other. They are broader than the ischia, and form a broad
shallow basin for the support of the viscera. The suture defining these
elements is obliterated; they are continuous, and form a weak, inferior
. keel on the median line. A simple curved ilium has been preserved, for
which there appears to be a smooth, articular surface on the pubis to
which it was attached.
The acetabular portions of these elements are flattened and furnished
with convex articular surfaces. The supposed ilia are short, curved
bones, resembling that of .Plesiosaurus la.t·ispinus, Ow., or of some of the
other species of tlmt family. The shank is flattened cylindric; the
distal extremit;y, dilated, rounded, and flattened. The proximal extremity sub-truncate, or truncate in two or three unequal planes, and
with a median pit. It fits well when applied to a concavity on the
articular surface of the pubis. The vertebr:::e above the pelvic arch were
furnished with elongate, sub-cylindric diapophyses.
The question as to the presence of posterior limbs remains unsolved.
Dr. Turner, having made a second careful search and renewed ~xcava
tions at the original locality, failed to find any bones which can be
assigned to humerus, ulna, radius, carpus or phalanges, or similar elements of the hind limbs. This is the more remarkable, as the pelvic
and scapular arches were further completed, and au additional number
of ribs obtained. The inferior and lateral regions of the trunk, being
them ~o abundantly discovered, what are we to think of the entire
absence of the usually numerous elements of extremities~ The glenoid
ca,·ities arc rather angular, and both were filled with solid, argillaceous
matrix. The acetabula are not cup-like, but merely exposures of the
narrow, plane extremities of the pubes and ischia; they were covered
with thin layers of gypsum ; the pieces of the ilia were found irn betided
in the mass of matrix which occupied the pelvic arch.
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The allied genus Oimoliasarus, Leidy, possesses a femur, as described
iu the work quoted above; it is of shorter and thicker form than iu
ruo~:;t. Plcsiosauri.
'rhe skeleton sv n<='arly complete would indicate no violrnt disturbance of the carcass; but if tlwre were, it would be an nummal accident
that all of the four limbs should have been removed from their sockets
without leaving even frag,ments.
This genus. is well distinguished from Plesiosaw··us b~y· the peculiarity
of the scapular arch. 'rhe mesosternum appears to be coossified with
the clavicnli, and the three elements form a broad breast-plate. If the
claviculus was ever united with the scapula as in Plesiosaurus, no evidence of it can be seen in the specimen. Both the clavicular and mesosternal elements are broader and more extended auteriorlv.
The American genera of Elasm,osattridw may be comparecl as follows:
Posterior cervical vertebrre without diapophyses: eervicals longer,
compressed, neck very elongate.
ELASl\IOS.AURUS.

Posterior cervical vertebrre with diapophyses: cervicals quadrate,
shorter, depressed, rapidly diminishing in size, hence the ueck shorter.
CDIOLI.ASAURUS.

Professor Owen figures and describes (reptiles of the CretaceouR, Paleontogr. Soc.) a vertebra which very closely resembles the cervical of
Elasmosaurus. He considers it to be the cervical of a peculiar Plesiosaur~ts~ which he calls P. constrictus, remarking at the same time, its
remarkably inferior pleurapophyses. This I believe to be a species of
Elasmosaurus or an ally, and to be called for the present Elasmosaur~ts
constrictus.
ELASMOS.AURUS PL.ATYURUS, (COPE.)

Leconte's Notes, loc. cit. Proceed . .Aca,d. Nat. Sci., 1868, l. c. 92.
Discosau1·us carinatus, Cope. Leconte!s Notes, l. c.

This, after Jfosasa,urus, the most elongate of the sea saurians yet discovered, is represented by a more than usually complete skeleton in the
Museum of the Academy of Natural Sciences in this city. It ·was found
by Dr. Tlleophilus H. Turner, the physician of the garrison at Fort '\Vallace, a point situated three hundred miles westward from Leavenworth
on the Missouri River, and some distance north from the Smoky Hill
Fork of the Platte River. Portions of two vertebrre, presented by him
to Dr. Leconte when on his geological tour in the interest of the United
States Pacific Railroad Company, were urought lJ~7 the latter gentleman
to the academy, and indicated to the writer the existence of an unknown
Plesiosauroid reptile. Subsequent correspondence with Dr. Turner
resulted. in his employing a number of men, who engaged in excavations, and succeeded in obtaining a large part of the monster. Its vertebrre were found to be almost continuous, except a vacancy of some
four feet in the anterior dorsal region. They formed a curved line, a
considerable part of whose convexity was visible on the side of a bluff
of clay shale rock, with seams and crystals of gypsum. The bones were
all coated with a thin layer of gypsum, and in some places their dense
layer had been destroyed by conversion into sulphate of lime.
Tbe scapular arch was found in large part adhering to the bodies and
neural spines of a series of the anterior dorsal vcrtebrre~ and was detached from it at the academy. The pelvic arch had been slightly
crushed, and the lumbosacral vertebrre forced into contact with the ischia,
where they remain. A broken extremity of the supposed ilium was
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forced into the matrix which supports the ischia. Many of the dorsal
and caudal vertebrrn were sent. and remain in continuous masses, so that
the succession is readily traced, and the true relations of the extremities preserved.
In removing the matrix from beneath the vertebrre, scales and teeth
of some six species of Physoclyst and Physostornous fishes were found,
including an Enchodus and a Sphyraena, the latter indicating a new
species which I have called S. ca,rinata. These animals had doubtless
been the food of the Elasrnosaurus.
The end of the muzzle was broken from a part or the whole of the
cranium, which bas not been rediscovered, though Dr. Turner has made
careful search. It was found in front of the vertebrrn here regarded as
cenrical, at Home distance from them.
The whole skeleton bas been under considerable pressure, so that
most of the ribs haye been pressed flat on the vertebrrn; the long parapophyses of the cervicals have most of them been fractured at their
bases and compressed, those of opposite sides thus approaching more
nearly in the form of chevron bones than they otherwise would have
done. The proximal cervicals are obliquely flattened by the pressure ;
the other cervicals haYe the bodies naturally flat, with the articular
surfaces much less so than the median portion. Some of tbe candals
are obliquely distorted.
J)escription- Vertebrm.-The neck may be safc~ly assumed as a point
of departure, as it consists of above sixty mostly continuous -vertebrrn,
which graduate to an atlas of very slender proportions. Most of them
preserve more or less developed parapophyses. At the posterior extremity of this series, sixteen are perfectly continuous, and in this portion a great. gradation in form is apparent. The anterior are narrow,
compressed, and similar to the more distal cervicals in the elevated position of the lateral angle; the anterior are subquadrate, thick, and with
lower laternl rib, and stronger(?) pleurapophysis. In these respects the
latter resemble the dorsals which follow, toward what I believe to be
the tail. Four anterior dorsals are in one mass (figured in Plate 3 ;) in
this series the lateral angle first approaclling is finally lost in the margin of the rib-pit, the posterior thus resembling other dorsals. There
can be, so far, little doubt that the anterior and posterior extremities of
the masses are correctly interpreted.
In a series of four anterior dorsals, which, like the preceding, are in
their original continuous mass, those of one extremity have centra
rounded in section, with inferior rib-pits; those of the other have quadrate centra aml elmTated diapophyses; the former have the character of
the first dorsals, the latter of the median dorsals. The posterior dorsals
and anterior caudals form in like manner a continuous series of eleven
vertebrrn, fractured in four places. In them the diapophyses steadily
descend, reaching the inferior plane in the last, thus with the reduction
of the venus foramina to oue, at the seventh, indicating the point of transition from dorsal to caudal series. The zygapophyses preserve the usual
arrangement, but are much compressed, so that the posterior or downlooking are confluent, and scarcely separated by an emargimltion.
The neural spines at their bases have a slight posterior obliquity, and
the superior portion leans strongly in the anterior direction. The inferior
limbs of the cervical pleurapophyses appear to be entirely wanting. The
articular faces for the chevron bones are seen at the extremity of the
inferior rib of the caudal.
Of the cervicals there are both axis and atlas. Of- the caudals,
probably the distal half at least is lost. A single vertebra near the
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middle does not relate to either of those anterior or posterior to it.
There are, therefore, at least four lost from that region also.
There is a considerable interruption immediately anterior to the last
dorsal vertebra. Three large vertebrre, with long diapophyses belonging here, were imbedded in the hard matrix which protected the pelvic
arch. These are far from relating immediately to the vertebrre preserved
before and behind them. I estimate the number missing as follo,vs:
Seven of the fourteen dorsals preserved ha\e more or less elongate diapophyses. In the Plesiosauri, vertebrre of this character are much more
numerous; in P. hornalospondylus Owen gives seventeen. If we add
ten to the series in the present species it will give the abdominal space
between the adjacent margins of the o. o. pubis and coracoidea an extent equal to t.h e length of the plevic arch. This is relatively shorter
than in the Plesiosauri. Dr. Turner found that a space of '~three or
four" feet intenTened between the two portions of the skeleton, which
was otherwise continuous. I think ten a~ average number to represent
safely the missing dorsals.
From the cervical proximal regions probably three vertebrre are missing from two interruptions. The remainder of the servical series exhibits three interruptions. Most of the proximals have been broken
medially, leaving the articulations solid, an advantage in determining
their continuity. Three vertebrre and one-half are thus found to be
missing in this region.
The whole number of vertebrre preserved and lost, with the relative
lengths of each, may be stated as follows:
Present.
No.

Length in.

Lost.
Total
lengths.
No.

Cranium. _________ . ___________ . _____ ______ __.. ____ ____ ____ _
Cervicals . __ ... __ .. ___ . _.. ____ . - ___ . 68t
257. 5
3t
Dorso-lumbars _____ ------ ----· ------ 14
55.10 10
Cauclals _________ . ___ .. ______ . ____ .. 21
60. 4
30
Total . ____ ..... _... _. _.. .. .. .. 103t

43t

Length in.
24.
22.3
37.6
60.

24.
279.8
93.4
120.4

517.6

This gives the total length to the animal of forty-three feet two
inches, which, increased by the amount taken up by intervertebral
cartilages, will give roundly about forty-five feet. Of this, twenty-two
feet must be reckoned to the neck.
The cervical vertebrce are assumed to commence where the rib pits
cease, and the continuous lateral processes commence. This point is
ascertained with difficulty on the specimen. It is, however, perhaps
the same point where the longitudinal lateral ridge leaves the upper
margin of the rib pit; and it was to the series of vertehrre which pass
this point, the scapular bones, the clavicle and coracoid, were found
attached. On the anterior dorsals the inferior margin of the rib pit is
most prominent, and is finally produced in a flat thin process which is
directed obliquely down wards. Both these and the posterior ribs are
crushed on the centra and project obliquely below them; their mode
of attachment is thns rendered rather obscure. A similar structure exists in the postPrior cervicals of Cimoliasa'to·'tts, while on the anterior
dorsals, or where the rib-origins are on the lower plane, short, thick <lia-
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pophyses support the ribs. The proximal cervicals are remarkable for
their compressed and elongate forJll. They are for a considerable distance longer than any dorsals. The lateral longitudinal ridge rises successively nearer to the neural arch and disappears. The articular surfaces are vertically oval, flattened above and below. The inferior faces
are slightly grooved in line with the venous foramina. These vertebrre
diminish in length, and, after the posterior third of the series) materially
in depth. They diminish to terminal ones of very small size. In most
the decurved (~) plelirapop~yses are broken near the base, but the basal
portion of various lengths generally adheres. They are as wide as a
rib and scarcely half as thick. On some of the most anterior vertebrre
they are quite short and broad antero-posteriorly. They have much
greater antero-posterior extent on the terminal than the proximal cervical centra, having a base :five-sixths the length of the latter. The zygapophyses have relatively a larger size on these than any other vertebrre.
In such the centrum is less compressed, though with concave sides, and
with a section rather quadrate.
Measurements.-The cervical vertebrre from the sixty-sixth to the
thirty-ninth are all longer than the dorsals; they commence four inches
in length, increase to :five, and diminish to four again.
Inches.

Length of sixty-third cervical ......................... _... 4
Depth articular face of the centrum ....... _...... _........ 3
Width articular face of the centrum .. _._ ................ _.3
Total elevation ninth do ...................... _........... 2
Anterior-posterior diam. third cervical. ............ _....... 2
Transverse diam. third cervical. ......................... . 2
Length head of rib ............. _... _ .............. _..... 1
Width head of rib _................................ _..... 1
Width shaft of rib ................... _........ _......... ~ 1

Lin.

9.2
8.
10.2
9.
2.

11.
9.7
3.
10.5

Many of the ribs preserred have been pressed upon the vertebrre and
crushed.
·
The :first dorsal is that vertebra which ·:first presents a distinct articulation for a rib. The diapophyses are never much elevated above the
centrum and are longest on the thirteenth, (inserting seven supposed to
be lost.) Their form is stout and much depressed, and distally expanded.
They diminish gradually, and on the third are represented by a longitudinal, slightly-concave, articular surface, somewhat similar to those of
the caudals. This surface is bounded above and below by a longitudinal angulation; the superior is :first distinct on the :first, and bounds
the articular surface last on t,he third. They give the transverse sect,ion
of the posterior cervicals a pentagonal form ; that of the anterior dorsals
is nearly circular. The latter are strongly constricted medially, and the
articular faces are slightly concave. The external surface near the included angle is coarsely ridged, in conformity with coarse cellular texture
of the spongy bone. The venous foramina gradually become more
widely separated, approaching each other again on the posterior cervicals. On the dorsals they occupy the bottom of a more or less pronounced concavity. These concavities, on the posterior dorsals, are
bounded externally by a strong obtuse longitudinal angulation, giving
a quadrate outline to the section of the centrum in this part of the series.
The posterior cervicals are not readily distinguished from the anterior
dorsals. In the latter the ribs appear to be present, of reduced length,
judging from the smaller size of the remaining heads. The articular pits
continue to descend till their lower marginal ridge is the inferior lateral
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angle of the vertebra. On such vertebrre the inferior surface is flat.
The neural spines on dorsals and posterior cervicals are of great height
as well as antero-posterior width, and they allow a yery narrow interval
between them.
Inches.

Lin.

Antero-posterior diameter(~) twelfth dorsal. ............ . .. 3
7. 2
Transverse diameter articular surface ..................... 4
10.
Vert,i cal diameter articular surface ........................ 4
2. 5
Neural canal and spine (latter broken) .................... 5
3. 5
Length diapophysis twelfth dorsal . . . . . . . . . . . . . . . . . . . . . . . . 4
Width diapophysis at middle... . . . . . . .. .. . .. . . .. .. .. . . . . .. 1
10.
Antero-posterior diam. (?)eleventh dorsal. ................. 3
4. 5
Transverse posterior of articular face ............ _. . . . . . . . 5
3.
Vertical posterior of articular face . . . . . . . . . . . . . . . . . . . . . . . . 3
10.
Transverse posterior of neural canal. . . . . . . . . . . . . . . . . . . . . .
10. 2
Transverse posterior of articular face, third dorsal . . . . . . . . . 5
2. 5
Elevation centrum, arch and spine, second dorsal ........... 11
9.
Elevation upper edge zygapophysis, second dorsal. . . . . . . . . . 6
Length zygapophy~is, upper edge, second dorsal ............ 1
10. 2
Length centrum, last cervical. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Width centrum articular face cervical. . . . . . . . . . . . . . . . . . . . . 5
3.
Elevation neural arch and spine cervical . . . . . . . . . . . . . . . . . . 7
9.
Antero-posterior width neural spine of cervical at zygapoph7.
ysis .................... . ............................. 3
The caudal vertebrce have slightly concave articular surfaces, which
are not bounded by groove or ridge. The neural arches have fiat sides,
and there is no longitudiual ridge above the diapophyses. The neural
spines are elevated, the margins of those of the adjacent vertebrre close
together. The diapophysis is very short and wide, terminating in a
large oYal concavity for the pleurapophyses. Each limb of the chevron
bone is attached to an articular surface on the lower posterior face of
the vertebra, at the extremity of a strong inferior ridge. These inferior
ridges are rather close together, and distinguish the vertebrre from those
of Oimoliasaurus magnus, where they are wanting. They are absent on
the anterior seven of the caudal series. The diapophysis is nearer the
anterior than the posterior face of the vertebra. The venous foramen is
single and median on all but the last six cer..-icals.
In.

Lin .

.Antero-posterior diameter of fourth caudal. ................. 2
4.
Transverse-posterior ...................................... 3
10.5
Total eleYation ........................................... 8
Vertical diameter centrum ................................. 3
1. 5
Anterior-posterior diam. diapophysial pit ................... 1
9. 2
Length ninth caudal ....... . .............................. 1
7. 5
Transverse diameter articular face ......................... 1
G.
Vertical diameter articular face do ......................... 1
2. 7
Heads of fourteen ribs are preserved, and a great number of shafts.
The heads are simple, with elongate oval articular face. They are oblique in the narrow direction, and frequently in their length also; the
margins are somewhat everted. The extremities of the diapophyses of
the larger dorsal vertebrre are transverse, some flattened, the others
more oval; the more anterior are subtria~gnlar, and the rib pits on the
first dorsals are subround or vertically oval. Thus the heads of the ribs
also vary. The shafts are aU flat, probably more so from pressure.
They are frequently curved in the direction of the compression, which
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suggests a vertical head. They, however, are probably more or less distorted, and the plane of compression changed. No well-defined distal
extremity of a rib can be made out, nor have anything like abdominal
ribs been preserved.
The scapular arch is remarkable for its large clavicles (or procoracoids.)
As preserved_,the latter are quite convex downwards, both antero-posteriorly and transversely, while the coracoids are equally concave in
both directions. The clavicles have a remarkable external flat pr~jee
tion, which is separated from the glenoid cavity by a deep sinus. The
glenoid cavity is hounded by an elevated ridge, which sends a brandt
along the claviculo-coracoid suture to the precoracoid foramen. This
foramen is relatively of small size, and is a longitudinal oval ; the two
are separated by an isthmus composed equally of processes of clavicle
and coracoid. The coracoids are very thin except in a transverse portion, which extends across behind the precoracoid foramina; a strong
elevated rib extends across the posterior face at this point. The outer
margin of the coracoid is thickened, rounded, and slightly concave.
In.

Lin.

Greatest antero-posterior length scapular arch .............. 33
6
Greatest antero-posterior length clavicle ........ __ .......... 14
9
Greatest antero-posterior length glenoid cavity.. . . . . . . . . . . . . 6
9
Greatest antero-posterior length precoracoid foramen........ 7
3
Transverse extent of claviculi. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Transverse extent of coracoidea .... _.......... . ... . ........ 16
From acetabulum to foramen ......... __ .... _... __ ..... __ . . 7
6
The form of the posterior margin of the coracoidea is unknown, and
they are much broken on the inner margin. They may have been considerably longer than in the accompanying cut.
· The greater part of the pelvic arch appears to be preserved. From
the obliquity of the median suture and from the form of the pubes, as
they are preserved on a large nodule of indurated clay, it is evident
that they have formed a boat-shaped support to the abdominal viscera,
with an olJtuse keel on the median line below. The following diagram
will explain the relation of its parts :
In.

Lin.

Greatest antero-posterior length ......... _................ . 25
Greatest antero-posterior length pubis ............. , ...... _. 13
6
Antero-posterior median length to notch of ischia .......... . 7
Length coracoid s behind notch ........................ __ .. 4
6
Greatest width pubes ..... _. _........................ ___ .. 27
6
Greatest width ischia ..... _..... .................... _._ ... . 21
The anterior and lateral portions of the pubes are very thin, as are
· also the median posterior portions of the· ischiadic plates. The pubic
bones are thickest on the posterior margin; they present a downward
projecting median convexity near the anterior end. Depth of the
articular face, 2 in. 8 lin.
The superior surface of this arch was brought to light by the exertions of my friends, B. Waterhouse Hawkins and Wi1liam M. Gabb, who
removed a large mass of matrix which fortunately accompanied and
protected it. This presents a transverse thickening extending across
it, a.nd continuous with the posterior margin of the clavicles. A median
longitudinal thickenmg extends from this to the anterior emargination,
embracing in its angle with the transverse, a shallow concavity. The
posterior projection which is continuous with the median part of the

I
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ischia is strongly deflexed behind the transverse rib, and is continuous
w1b-_the basin-like concavity formed by the united pubes. The glenoid
surface of the pubes is a sigmoid, while that of the ischia is regularly
convex. The articulation of the ilium has been exclusively with the
former.
Of the pleurapopbysial portion of the two arches nothing appears to
be preserved except two lateral, symmetrical, long bones. One was
found imbedded in the mass carrying the pelvic arch, and they articulate well with the pubes; but the articular extremity is too short to
articulate with ischia at the same time. Though they resemble the
inferior view of the procoracoids, they represent the ilia of Plesiosaurus.
The head is subdiscoid, rather flat, slightly projecting eccentrically
with a ligamentous pit. The articular surface is very oblique to the
axis of the shaft, and is separated from the surface by a marked angle
all around. Nothing like a trochanteric ridge is apparent in this bone.
In.

Lin.

Length in middle of curve_ ...... _..... _. . . . . . . . . ........ . 9
9
Diameter at head ................................ __ ... ___ _ 3
3
Diameter distally on curve _............... _...... _..... __ . 6
Diameter distally straight ....................... _...... _.. 4
The shaft is flattened cylindric; much flattened nearest the proximal
extremity. The latter is very oblique to the shaft and slightly conyex
near the proximal margin.
The end of the muzzle preserved includes also the symphysis and parts
of the rami of the mandible. Tlle parts have been crushed together,
and the ends of the teeth broken off. The alveoli of tlle two ja,vs
incline at a narrow angle to each other; hence the teeth, which alternate,
cross each other near the middles of the crowns. The parts preserved
appear to belong to the premaxillary bone, though no suture can be
found and the bony walls are so thin as to render their obliteration a
probability. There is a keeled ridge along the middle line above, wlli,;h
is not continued to the margin of the bone. The form of the muzzle is
narrow, the sides subparallel near the tip, which is elongate rounued.
The mandibular symphysis~ however, is not very elongate, as the rami
are given off at three inches from tlle tip. The latter appear to have
been quite slender from the various small sections or pieces sent with
the muzzle. The premaxillary border of 4 in. 7 lin. exhibits eight teeth,
or their alveoli, of which the meuian two are close together, and not
separated by any mandibulars. The sections of the teeth are round or
oval, and their sizes are irregular, probably on account of differing age
and degree of protrusion. The diameters at alveolar margin vary from
6 lines to 3. Their form is slender conic, or with the root slender fusiform, and the pulp cavity is small a.nd median, sometimes cylindric, and
sometimes narrowed. The surface, from a short distance above the
alveolar margins to the tip, is marked with acute, thread-like ridges,
which are sometimes interrupted, and sometimes furnished with short
branchlets. They are more or less undulate, and do not unite, but simply cease as the tip of the tooth is approached. The latter is smooth
without lateral cutting edges. The width of the mandible at the commmwement of the rami is 3 in .. 05 lin.; of the muzzle of the seventh
tooth 3 in. 7.5 lin.; at the tllird tooth 2 in. 4.2 lin.
Gene1·al Remarks.-The tail is a powerful swimming organ, more or
less compresseu in life; hence the specific name, which means flat-tailed.
The danger of injury to which such an excessively elongate neck has
been exposed, would render the recovery of a. perfect specimen like the
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present an unusual accident. The neural spines of the dorsal region nre
so elevated and closely placed as to allow of little or no vettica.l motion
of the column downwards, while those of the cervical and caudal region
being narrower, the elevation of the head is quite possible, and an
upward flexure easy.
The habit of this species, like that of its nearest known allies, was
raptorial, as evinced by the numerous canine-like teeth, and the fish
remains taken from beneath its vertebrre.
The geuernl form of this reptile, whether it was furnished with large
posterior limbs or not, was that of a serpent with a relatively shorter,
more robust, and more posteriorly placed body than is characteristic of
true serpents, and with two pairs of limbs or paddles. It progressed
by the strokes of its paddles, assisted by its powerful and oar-like tail.
The body was steadied by the elevated keel of the median dorsal line,
formed by the broad, high neural spines. The snake-like neck was
raised high in the air, or depressed at the will of the animal, now arched
swan-like preparatory to a plunge after a fish, now stretched in repose
on the water or defiexed in exploring the deptbs below.
Diffe·rences frmn other Sauropterygia.-The only genus with which it is
necessary to compare this present one is Oimoliasa/urus. The following
may be noted as generic distinctions: The series of cervicals rapidly
diminishes in Oimoliasaurus in absolute size and in relative length of
the vertel>rm, which are not compressed. In the present genus they
maintain a similar and increased length for a considerable distance,
diminish in length very gradually and are much compressed. The
diapophyses of the dorsal vertebrre, as they descend, in Oimoliasaurus,
continue well developed until they attain the inferior planes of the
centrum, and have there a downward direction. In Elasrnosa'urus they
cease while yet on the middle of the centrum and are replaced l>y pits
throughout the remainder of the length.
The neural canal is everywhere markedly larger in Oimoliasaurus.
As the characters of lesser significance may be added, that in Oimoliasaunts magnus the dorsals with elevated diapophyses are considerably
larger in the centra than tbose in which they are situated lower down.
In E. platy'ltrus these yertebrre are of relatively equal length.
The cervical pleurapophyses in 0. rnagnus are anteriorly considerably
stouter and less flattened; the same applies to more anterior vertebrre,
where they are flatter in both.
In comparing this species with the Oimolictsa.u rus grandis, Leidy, from
A.rkan"'as, we obserYe, first, the generic character of the strong inferior
diapophyses iu the latter. That species marks itself also as a preeminently short-necked form, as these anterior dorsals are even shorter than
in 0. magnus, l>eing nearly twice as wide as long. The depth of the
articular faces is also relatively greater than in tbe E. platy'ltrns.
Localities.-This species has been found in various parts of Kansas
besides that whence the specimen above described was procured. Professor B. F. Mudge obtnined vertebrre from a point thirty miles east of
Fort Wallace, which probably belong to this animal.
PYTHONOMORPHA.-'~-

This order is more extensively repre~ented in the cretaceous beds of
KansaR than any other, no less than six species having l>een determined
up to this time. A seventh, Liodon dyspelor, Cope, bas been discovered
-if For the defiuit.ion of this order see Trans. Amer. Philosoph. Society, 1869, p. 175, and
Proc. Boston Soc. N. Hist., 1869, p. 253.
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in the continuation of the same yellow chalk formation in the Territory
of New :Mexico, and will probably be found in Colorado and Kansas.
The genera to which these species belong are Olidastes, Cope, Liodon,
Owen, and Mosasau'tu8, Conybeare. The two latter occur also in the
cretaceous strata of Europe. While J1Iosasaurus is most abundantly
represented in the cretaceous of the eastern parts of the United States,.
Liodon abounds much more in the central regions.
MOSASAURUS, (CONYBEARE.)
MOSASAURUS MISSURIENSIS, (HARLAN.)

(Ic7dhyosatt1'tt8 do., Harlan, Trans. Amer. Philos. Soc., IV, 405, Tab. XX, 1834. Batrachiosaurus, Harlan. Batrachiotherinm, Harlan. ? Mosasaurus neoviclii, Mey;er. 7 M.
maxirniliani, Goldfuss. M. rnissoul'iensis, Leidy, Crctac. Rept., 1865. Pl. VII, figs.15, 16, .
17, 18.)

The centra of the yertebrre of this species are moderately qepressed ..
The centra of the caudals, posterior to the disappearance of the diapophyses, are as wide as deep, and of nearly similar length, and with
anchylosed chevron bones. A fine cranium figured by Goldfuss shows
the crowns of the teeth to be snbcylindric, in curved, and facetted;
but it is not certain that it belongs to this species.
An unusually perfect specimen of this species, or one allied to it, wa"
recently exhumed by W. E. Webb, near the town of Topeka in Kansas.
}fy friend Professor J. Parker, of Lincoln College, of that place, informs
me that it is seventy-five feet in length, and the gentleman who discovered it, that it measures eighty feet. Its mandibular rami are stated by
the same person to measure five feet. Measurements of the vertebra\
indicate them to be of a size quite similar to those of large individuals
which have been discovered in the green-sand of New Jersey. They
measure as follows, as stated on photographs b;r my friend W. E. Webb:.
Inches.

Diameter cervicals centra only ........... _................. _.. _ 2.5·
Diameter dorsals, with diapophyses . ___ ............. _. . . . . . . . . . . 7
Diameter lumbars ....... _.. _. _................... _........... _ 2 ·
These proportions illustrate again the Ophidia.n or eel-like form of this
genus, and the relatively large size of the head.
The teeth resemble in size those of large specimens of M. delcayi.
LIODON, (OWEN.)

(Proceed. British Assoc. Adv. Science, 1841, p. 144. Cope, Trans. Amer. Pllilos. Soc.,
1869, p. 200.)

This genus is characteristically American; four species are known from
the western cretaceous, four from the eastern, (L. mitchillii, L. valid'lts, L.
sectorius,andL.laevis,) and two from the southern, (L.perlatusandL.congrops;) one species (L. anceps) is British. Some very large species (L. dyspelor, L. proriger) belong to it, while L. congrops is one of the smallest of the
order.
LIODON PRORIGER, (COPE.)

(Transactions Amer. Philos. Soc., 1R69, p. 202. Ta,b. XII, Figs. 22-24. Macrosaunt8
pr01·iget, Cope, Proceed. Ac. Nat. Sci., Phil., 1869, p. 123. Leidy, Cretac. Rept. II,
15, 10, [ca,udal vertebra.])

The history of this large Mosasauroid was originally based .on material
in the Museum Comparative ZoOlogy, Cambridge, Massachusetts, brought
26 G
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by Professor Louis Agassiz from the cretaceous beds in the neighborhood
of Fort Hayes, Kansas, and near the line of the Southern Pacific Railroad.. It consists of the greater part of the muzzle from the orbits, with
the right dentary and left pterygoid bones nearly complete; one cervical
vertebra, (with hypapophysis,) one dorsa.I, one caudal with diapophysis,
and ten candals without diapophysis. Smaller portions of the skeleton
have also been found by Dr. F. V. Hayden and Professor B. F. Mudge.
The characters presented by the vertebral column indicate an excessively elongate reptile; the transverse diameter of one of the distal caudal
vertebrre is less than one-fifth that of a proximal with short diapophysis,
while four consecutive ones of the former show but little variation in
dimensions. This diminution amounts to t of a transverse diameter of
the larger form. With this ratio as a basis, :fifty-three -tr vertebrre would
form a complete series from caudals one-half the diameter of the last of
the four, to the proximal caudal above mentioned. There have been, no
doubt, several caudals in advance of the latter, as the diapophyses are
small. From the slow rate of diminution of the columns of other species
examined, it may be supposed that sixty caudal vertebrm is below
rather than above the true number.
The cervical and dorsal vertebrre have been slightly crushed as they
lay on the side, and present a narrower diameter than is normal; the
cup of the cervical has not been distorted, and is deeper than wide,
presenting the character of j'~facrosaurus. The rudimental zygosphen
consists of a continuation of the roof of the neural canal in front, to
adapt itself to the inner face of the down-looking zygapophysis of the
preceding vertebra. The latter is thus received into a gropve on the
inner side of the up-looking posterior zygapophysis. The dorsals and
caudals exhibit with the cervicals that minute, sharply-defined rugosity
which characterizes all the projecting margins, especially those of the
hypapophysis and diapophyses in this genus and Olidastes. The whole
surface of the cervical is marked with either inosculating strim or impressed punctm. The same character marks the cranial bones, though
they do not present such rugosity as the vertebrm.
The proximal caudal presents a subhexagonal section, of which the
inferior and supero-lateral sides are longest; articular faces about as
broad as high. A broad, smooth space between the chevron bones.
Diapophyses with broad, ovate, transverse section.
A caudal without diapophyses, anterior to the middle of the series,
estimated by the size, is but slightly deeper than long, and with parallel
lateral outlines of the articular faces. The neural arch is very much
narrowed antero-posteriorly~ but bas a greater transverse extent at its
lower part; above the spine is much compressed, but not widened. The
zygapophyses remain as rudiments just above the small neural canal,
but do not probably touch each other. There are two anterior and two
posterior narrow ribs on the upper portion of the neural spine. The
more distal caudals have wider neural spines, and the arch also bas a
greater antero-posterior extent. The zygapophyses are scarcely traceable
and the neural spine is strongly striate. The reverse arrangement is
observed in Olidastes propython, where the neural spine of the proximal
caudal has considerable extent, while those of the posterior and distal
vertebrm are almost cylindric, especially the neurapophyses.
Dirnensions.
Inches.

Dorsal, length ... - __ ... _. _. _.... _.- _.. -- _..... --- ........ --- .. ---- .. - .. -. . . . .
Dorsal, width cup .. ____ ... _.... __ .. _. __ ... _...... __ ..... _.... ___ .... ___ .. _..
Dorsal, depth cup .•.•••.••.•...•...•................... ~ .• - ....• -. . . . . • . . . . . . .

3. 35
2. 5
2. 77
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Inches.

Proximal caudal, length. . . . . . . . . • • . . . . . . • • . . . . . . . • • . . . . • . . . . . . . . . . . . • • • . . . . .
Proximal do., width cup ...... ---·-----------------·---------·---·------....
Proximal do., depth cup . _.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Caudal without diap., No. 1, length . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . .
Caudal without diap., No. 1, depth cup . . . . . . . . . . . . . . . . • . . . . . . . . . • • . . . . . . . . • . .
Caudal without diap., No.1, width cup.·-----·--------··-----------------....
Caudal without diap., No.1, height neural canal---- .... ---- ...... ------·----·
Caudal without diap., No. 1, antero-post,erior width neural spine...............
Caudal without diap., No. 2, length . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Caudal without diap., No.2, depth cup. ---------- .... .... .... .... .... .... ....
Caudal without diap., No.2, width cup.......................................
Cauual without cliap., No. 2, width neural sp. (antero-posterior)...... . . . . . . . . . .
Caudal without diap., distal, length ............. ---..........................
Caudal without diap., depth cup . . . . . . . .. .. .. .. .. .. .. . . . . . .. . .. .. . . .. . .. . .. ..
Caudal without diap., widtk cup ................•. . . . . . . . . . . .. . . . . . . . . . . . . . . . .
Caudal without diap., distal; diameter, antero-posterior, of neural spine . . . . . . .

2. 14
3. 43
:3. 23
1. 6
2. 65
2. 6
.4
.8
1. 2
2.15
1. 86
1. 07
.5
. 85
. 64
. 40

The points of attachment of the chevron bones on the distal vertebrm
are strongly-marked pits; on the anterior, the anterior margins of the
pits are raised and continuous with the chevrons.
The muzzle presents the usual characters of the large JJ.1osasauroids,
but adds a peculiarity in the prolongation of the premaxillary bone into
a cylindric mass forming an obtuse beak beyond the premaxillary teeth.
The bone is narrowed anteriorly, and does not descend regularly as in
llfosasaurus sp., but continues to its abrupt and narrow termination described. The extremity is deeper than wide. Immediately in front of
and between the anterior premaxillary teeth, a short acuminate projection inter!:.!lPtS the surface, and in front of this, a transverse depression .
.Above, the surface becomes flattened, and presents two shallow longitudinal depressions continuous with the nostrils. Where the premaxillary rather suddenly contracts into its spine, it is materially wider than
the maxillary on each side of it; in 111. missuriensis it is narrower, according to Goldfuss. The maxillary border of the nares is rather suddenly
concave at the anterior extremity of the nares, narrowing the maxillaries;
the latter gradually widen by the expansion of their inner margins.
No part of the frontals is preserved, but a considerable part of the
pre-frontal remains. It unites by a very coarse overlapping suture with
the maxillary, whose outline forms an irregular chevron with the apex
pointing forwards in the middle of the maxillary bone. This, it will be
seen, is very different from the form given by Goldfuss in the M. missuriensis, where the most anterior point of the suture is on the nareal margin. The external margin of the bone behind is contracted considerably
within the maxillary border, previous to its outward extension toward
the orbit. This is much less marked in the Olidastes propython, but is
tlistinct in M. missuriensis.
The maxillo-premaxillary suture gradually descends to the alveolar
border to the extremity of the maxillary bone, where it descends abruptl;y,
forming an interlocking suture quite different from that squamosal type
already observed in other species of the order. The length of the premaxillary anterior to this point is three-fourths the length of the same
to the beginning of the nares.
The number of teeth on the maxillary bone was probably thirteen;
twelve alveolm and bases remain, and Ol!e is added in the position of the
posterior of M. missuriensis, if such existed; this may be questioned
in consideration of the small number of mandibular teeth. Premaxillary
teeth two on each side, the anterior with bases separated only by a
groove. Throughout the whole series the bases of the teeth are considerably more exposed on the inner than the outer side.
The crowns are everywhere sub-cylindric at the base, the inner face

404

GEOLOGICAL SURVEY OF THE TERRITORIES.

more convex than the outer. Posteriorly there is a posterior cutting
ridge, as well as a marked anterior one, both minutely crenulate, but
'the former disappears till in the anterior teeth there is only an anterior
edge, the posterior face being convex and continuous with the inner.
There is a trace of cutting edge on the outer portion of the extremity of
the crown in the most anterior teeth. The anterior ridge remains very
strongly marked. The surface is quite rough with longitudinal ribs, of
which eight may be counted on the outer aspect of the second maxillary.
These are not strongly marked, and are separated by concave facets.
The basal part of the crown is marked by numerous fine sharp strirn,
which are most distinct on the inner face.
The external face of the maxillary bone presents three series of foramina. These rise superiorly on the premaxillary, and increase in number and become irregular on its extremity.
The ramus of the mandible is massive, and differs from that of Mosasau-rus g·iganteus in continuing its proportions to its extremity. Its
depth at the latter point is as great as the sixth tooth from the front.
It is prolonged beyond the first tooth in eorrespondence with the prolongation of the premaxillary. This extremity is compressed and obtuse;
its inner face is very rugose, as though there had been a closer union at
the symphysis than usual, though it would not appear to have been
other than ligamentous. The groove for Meckel's cartilage is very large
and has been exposed below the last two teeth, as the splenial terminates
at the third. Two series of foramina on the external face of the ramus.
There are alveolrn and bases for thirteen teeth on the dentary bone.
This, it will be observed, is one more than in llf. gracilis, and one less
than in other species of llfosasaurus. The posterior extremity of the
dentary shows its marks of reception into the notch of the coronoid; it
is more compressed and less club-shaped than the corresponding part of
llf. mitchillii, and would indicate less lateral flexibility than in some
other types.
The right pterygoid is of less elongate form than in some other species.
It presents the sutural face for union with the palatine on the outer anterior extremity, and narrows to an apex a little in advance. The dentigerous face is widest at the anterior third the length, where the outer
margin is expanded. This then contracts and is compressed vertical at
the tenth tooth, where it is broken off. The transverse process is given
off a little anterior to the ninth tooth. The interior face of the bone is
a vertical plane, without projection, except a slight obliquity at the anterior extremity, and it is clear there has been some interval between
this pterygoid and its fellow. The superior margin is obtusely rounded.
The bases of the pterygoid teeth are exposed for two-thirds their
length, on the outer side of the bone, thus approaching the Platecarpus.
The autero-median are large, and the anterior most closely placed.
Their crowns are strongly recurved, round in section, and with a fine
sculpture of straight strirn, most marked near the base and on the inner
side. They are more spaced posteriorly than any other species except
J1l. mitchillii, and are relatively larger than in any except the same
species. They have not the compressed form with basal shoulder,
characteristic of the M. dekayi.
Measu1·enwnt of m1tzzle.

Inches.

Length of fragment . . . • • • . . . • • . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31.
Length from end muzzle to pre-frontal •.....•............•.................. 21.5
Length from end muzzle to nares . . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • 11. 75
Length from end muzzle to maxillary . . . • . . . . • • • . . . . . . . . . • . . . . • • . . . . . • . . . . . . 5. 75
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Inches.

Length from end muzzle to first tooth ..............•..............•........
Width of muzzle at end .................................................... .
Width of muzzle at anter. extremity nares ..................... .. ............ .
"Width of premaxillary at anter. extremity nares ............................. .
vVidth of maxillary between tenth and eleventh teeth ....................... .
Depth mandible at extremity ............................................... .
Depth mandible at sixth tooth ............................................. .
Depth pterygoid at transverse process ....................... - ........ . ..... .
vVidth pterygoid at transverse process .........•................ - ........... Width pterygoid in front ................................................... .
Length pterygoid anterior to transverse process ...........................•..
Length crown fifth pterygoid tooth ........................................ .
Length crown second maxillary tooth ..........................•.............
Diameter crown second maxillary tooth at base ............................. .

2.5
1.5
8.

3.3
3.2
2.5
3.5
2.5
1.4

2.2
7.2
1.
1.9
1.1

The vomers are, as usual, separate an(;i narrow. They are in close
contact from the secoud maxillary to the seeond premaxillary tooth.
Thoughout this part of their length they are embraced by posteriorly
produced verticallaminm of the premaxillary bone. These lamime unite
just behind the second premaxillary teeth and form a single prominent
keel, which disappears between the first premaxillary.
LIODON :MUDGEI, (COPE.)

(Pro c. Amer. Philos. Soc., 1870, Dec.)

I am not quite sure whether this species belongs to this genus or to
The characters of its quadrate bone, size, &c., induce me to
refer it provisionally to the former. Its determination rests on a series
of specimens from the yellow chalk at a point six miles south of Sheridau,
Kansas. They consist of three vertebrrn and fi·agments of atlas, with
numerous portions of cranium and proximal extremity of scapula. The
parts of cranium preserved are the frontal bone without the anterior
extremity, and with the adjacent parietal almost complete, parts of the
basisphenoid, the suspensorium, the ossa quadrata, and the greater part
of the articular. The frontal is flat, with thin edge, longitudinally holloweu on each side of the median line, which is marked by a low but
acute keel. There is an abundance of foramina and delicate grooves
on the surface, and posteriorly elevated strim, which converge to the
median keel. The median square projection of the border of the parietal is in advance of the lateral portion of the same, and not behind it,
as in Olidastes propython. The fontanelle is large. A marked feature
is that the parietal crests unite into a low median ridge a short distance
behinu the fontanelle, and are not, as in Oliclctstes propython, separated
by a horizontal plane. The sutures of the bones forming the side of
the brain-case are very obscure. Nevertheless, it appears that the descending margin of the parietal does not descend to the front of the
alisphenoid, but is margined inferiorly by the latter to the post-orbital
expansion. No part of the inferior margin of the alisphenoid can reach
the sphenoid, as it terminates in <.l thin edge, except for a short distance
medially, where it is broken off.
.
The inferior aspect of the parietal and fi·ontal bones presents a furcate keel corresponding to the divergent parietal crests, and a very
large funnel for the epiphysis of the brain. The olfactory groove is
deep and regular.
The articular bone is characterized by the prominent longitudinal
crest which descends on the inner side from the front of the glenoiq
cavity to below the posterior attachment of the coronoid bone, where it
terminates in a thin edge. Also by the short distance between the
Jfosaswurus.
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margin of the glenoid cavity (cotylus) to commencement (or end) of
coronoid suture, indicating a shortening of the posterior part at least
of the cranium. The bone is continued forward only immediately under
the coronoid, (c. f. r. L. ictericus.)
The proximal extremity of the quadrate is characteristic, and exhibits
features intermediate between those of Liodon ictericus, Cope, and the
typical species of Mosasaurus, as M. fulciatus, M. delca,yi, &c. The proximal articular face is much like that of M. depress~ts, (Trans. Amer.
Philos. Soc., 1869, p. 187, Fig. 48, No.3.) The external angle is much
smaller than in the Liodons and more anterior; nevertheless it is continued distally as a ridge-like angle separating the antero-lateral from
the postero-lateral faces, as in them, and not presenting the gradual
blending of the two surfaces, characteristic of the genus Jllosasaurus.
The postero-lateral face is thus flat proximally, and the meatal pit, which
is well developed, cannot be seen from the antero-lateral face. The
distal part of the quadrate is lost so that I cannot determine the character of the ridges there.
The basal element of the axis bears a strong hypapophysis without
articular faces, but very rugose surfaces. The same portion of the atlas
is a convex parallelopipedon with median rugose tuberosity, and very
rugose extremities. Its surface is not separated from its body anteriorly
by a deep groove as in Liodon.
The articular facets of the scapula are much broader than in the other
species here described, indicating a head or wider articulation of the
humerus. No limb bones were preserved.
The vertebrre are too much injured to be characteristic, with one exception. This one is a posterior dorsal, and had had compressed
centrum, or, at least, not depressed. The inferior face is convex transversely, and there is a slight concavity below each diapophysis.
Measurements.
M.

Parietal length. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.07 4
Parietal width between anterior and crests. . . . . . . . . . . . . . . . . . . . .048
Parietal least width. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .022
Frontal interorbital width . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .092
Quadrate width above. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .002
Quadrate length from pit to proximal end .............. ....... ~ . 0.023
Articular length, lower edge ............ __ .. _. . . . . . . . . . . . . . . . . .015
Articular depth, in front of cotylus. _... ., ............ _...... ___ . .035
Articular depth at coronoid .... _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .055
Posterior dorsal length ......................... _......... _. . 0.495
Scapula, proximal width .. _................................ __ . .051
This species differs from all those of JJlosasaurus and Liodon, in which
the form of the quadrate is known in the character of that bone. From
L. lmvis and L. congrops~ in which that element is unknown, it differs in
the stouter or less slender vertebrre; from L. proriger in its much smaller
size.
Its size is a little less than the L. ictericus or L. vctlidus. It is dedicated to Professor Mudge, in recognition of the valuable results of his
investigations as State geologist of Kansas.
LIODON ICTERICUS, (COPE.)

(Proceed. Amer. Philos. Soc., December, 1870.)

Characteristics: External angle of the osquadratum close by the mea-
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tus and continued as a rounded ridge, separating the anterior and external faces of the bone. Median tfosterior ridge not prominent. Centra of
dorsal vertebrre depressed. Humerus broad, short.
Description: This species is represented by portions of cranium, as
post frontal, susparsorial, pterygoid articular, and quadrate bones; by
parts or wholes of seven, vertebrre, which are all dorsals, and by
scapula and coracoid, with many element8 of the fore limb. The latter
includes humerus, radius, a carpal, and numerous metacarpals and phalanges.
The species is :first well characterized by the form of the quadrate
bone. This element lacks a portion of the ala, and the postero-superior
decurved process, but is otherwise perfect. Its form is intermediate
between that in L. validus, Cope, and Mosasaurus depressus, Cope. Its
external angle of the proximal extremity is posterior to its usual position, as in the former species, but is less prominent than in it. It extends to near the distal end, disappearing between the extremities of the
median posterior and the distal longitudinal angles. The former of
these is short and it disappears by a gradual descent distally, in a very
rugose margin. The distal longitudinal is short and acute, not prominent at the distal extremity. From the posterior position of the proximal external angle, the alar articular surface is somewhat elongate.
The postero-external face above the meatus is proportionately short.
The meatal pit is scarcely one-fifth the usual size, so far as determinab1e
from the present surface, but it is possible that the greater part is filled
by an impacted mass of bone derived from the adjacent ridge. The
margins of the articular extremities and of the ala are striate and pa pillose rugose. No meatal knob.
The suspensorium is slender. It is peculiar in the great extent of the
exoccipital element, which covers the whole superior surface, and extends externally over the opisthotic to the squamosal, concealing the
former, except its anterior margin. The prootic sends a small proximal
portion only to the superior face.
The pterygoid has been free from its fellow medial1y. .A distal and
median portions have been lost; the remaining portions present bases
and alveolm for eleven teeth. The fangs are rug~lose and but little
swollen; probably five to seven stood on the lost portions. The bases
of the crowns are circular. The external process of the bone is slender
and flat.
·
The portion of the mandible preserved includes much of the articular and adherent parts of the angular. The latter forms a narrow band
on the lower edge of the external face, and one twice as wide on th~
inner face. The only characteristic feature is the lowness of the ridge,
which descends and extends anteriorly from the anterior margin of the
cotylus for the quadratum.
Of the vertebrre several are so distorted by pressure as to be uncharacteristic. Two well-preserved anterior dorsals have transversely oval
articular surfaces excavated openly above for the neural canal. One is
from a position anterior to the other, and these surfaces are less oval,
though still transverse. The centra of both are very concave in profile
below, and expand both inferiorly and laterally to the edge of the cup .
.A deep groove surrounds the base of the posterior face. In the anterior dorsal the neural arch is preserved. It exhibits an approach to
a zygosphen articulation more marked than in any other Liodon, and
is_ hence nearer Olidastes in this respect, as well as in the slender pterygoids. .A zygosphcn is not separated from the zygapophyses, owing to
their connection by a lamina of bone. The notches at the posterior end
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of the arch for this prominence are marked. The neural spine had a
strong anterior ala, the base of which extends to the summit of the
neural arch. It presents a fine striation vertical to the centrum and
oblique to the edge of the bone, as is seen in 0. propython, Cope. The
diapophysis on this vertebra looks obliquely upward and carries avertical articular surface which is concave behind. The line of its lower
extremity falls the depth of the neural arch below the latter, and of its
upper to the apex of the canal in front. The more posterior vertebra
has as usual a broader articular rib surface, the diapophysis being :flattened above and below. The marginal and angular surfaces are striaterugose on these and the other vertebrre. One of the free hypapophyses of a cervical is preserved. It has a subtrigonal section, and is
longer than wide, and obtuse. Its posterior faces are exceedingly rugose.
A cervical rib is compressed and short. Head narrow, long, simple,
the adjacent sides striate-rugose. Sides with a shallow groove.
The scapular arch is represented by an entire right scapula and proximal part of right coracoid. The former is broader than in any of the
species in which I have seen it (four only) and is flat, and above, thin.
Its anterior extension is greatest below, its posterior above, at the superior angle. The lower posterior margin is strongly concave and thickened. The antero-superior margin is a regulal'ly convex arc of more
than Isoo. The lower portion in front is on a different plane and is the
rudimental acromion. The articular surface with the scapula is rugose,
and the glenoid cavity not less so.
The proximal portion of the coracoid is :flat. It presents the usual
foramen nem' the anterior margin, and the shorter concavity of the anterior margin leads to the belief that the anterior extremity of the bone
is the more prolonged, as in Olidastes propython.
The glenoid cavity is not concave, but merely two adjacent :flattened
rugose surfaces.
Consequently, the humerus has no head, but merely an elongate articular surface, which exhibits a median keel and a short, angular expansion near the middle. This bone is of remarkable form, more resembling
that I have described in Olidastes pYopytlwn* than any otller, and very
different from that described by Leidy in Platecarp~ts tympanitiC'I.tS. It
is a broad, :flat bone, expanded at the extremities in one plane, distally,
so as to be as wide as long. In the present individual it is crushed by
pressure, so that its thickness is not readily determinable. Its external
surface rises into a crest medially at the narrowest portion, which continues to the lateral angle of the proximal end, following parallel to one
of the borders. A moderate thickening exists on the opposite side, a
little beyond the extremity of the crest. Strongly rugose strim extend
to the edges of the articular faces. An oval rugose muscular insertion
exists on the least prominent of the distal angles, and not on a process, as in 0. propython.
A bone which, from its analogy to the radius of the last-named species,
I suppose to be that bone, accompanies the others. It is :flat, truncate
proximally, and with nearly parallel borders on the proximal half.
Distally it is obliquely expanded, the outline forming a segment of an
ellipse whose axis is oblique to that of the bone. Its extremities are
rugose striate.
One carpal remains; it is a quinquelateral bone, one side being marginal and concave. Perhaps it is the intermedial. There are several
elements which are probably metacarpals. The general structure of the
*Sec Trans. Amer. Philos. Soc., 1869, 219, Tab. XII, Fig. 17.
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whole limb may be determined from these and from the numerous phalanges. The former are flattened and with oblique extremities; the latter
more cylindric with a transverse truncation. Both have a median contraction, which becomes le~s marked in the distal ones; these are also
more cylindric, entirely so at the distal extremities, which are concave.
All of these elements are rod-like, much more slender than any of those
figured by Ouvier or Leidy. Those immediately following the metacarpals are flattened, but thicken distally.
The number of digits cannot be readily determined, but four may be
certainly distinguished. The general similarity in construction of the
manus to that of a eetacean mammal is noteworthy.

lJLeasurernents.
.M.

Length suspensorium (anteriorly) . _.. - ......... _.. ___ . _.... .
Width suspensorium medially_ ............................. .
Quadrate, greatest length .................................. .
Quadrate, width of ala . .................................... .
Quadrate, thickness behind ................................ .
Quadrate, length of distal extremity ........................ .
Pterygoid, length six alveoli. .............................. .
Anterior dorsal, length centrum ............................ .
Anterior dorsal, width cup ................................. .
Anterior dorsal, depth ..................................... .
Anterior dorsal, expanse poster. zygapophyses ............... .
Anterior dorsal, expanse diapophyses ....................... .
Anterior dorsal with neural canal. .......................... .
Anterior dorsal, depth neural canal. ........................ .
Posterior dorsal, depth ball ................................ .
Posterior dorsal, width ball ............................... _.
Posterior dorsal, length centrum ...... _........ _........... .
Posterior dorsal, expanse diapophyses ....................... .
Scapula, length ........................................... .
Scapula, width proximal ............... .. ................... .
Scapula, width median .................................... .
Coracoid, width proximal .................................. .
Humerus, length .......................................... .
Humerus, width proximal .................................. .
Humerus median ......................................... .
Humerus, distal (restored from 0. propython) ................ .
Radius, length ............................................ .
Radius, width proximal....................... . ........... .
Radius, width distal (oblique) ................... . ........... .
Carpal, length ............................................. .
Carpal, width ............................................. .
Metacarpal, length ........................................ .
Metacarpal, width proximally .............................. .
Metacarpal, width medially .............................. ,.. .
Metacarpal, width distally ................................. .
Phalange (medial) length .................................. .
Phalange (medial) width proximally ........................ .
Phalange (distal) length ......._............................. .
Phalange (distal) width distally ............................ .
Ramus mandibuli, depth in front of cotylus ................. .
Cervical rib, length ...........•.............................

0.111
. 031
. 099
.066
. 03
. 043
. 055
.059
. 0515
. 038
. 0395
. 091
. 0135
. 011
. 0±9
. 0±25
. 0555
. 088
.145
• 07

.112
. 066
. 154
.119
. 075
.158
.115
. 061
.105
. 04
. 037
.095
. 045
. 018
. 034
. 085
. 027
. 059
. 0082
. 056
. 074
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The total length of the anterior limb could not ha-ve been less than
0.90 m., which allows of five phalanges in the longest digit. There may
have been more. That the digits were of unequal lengths is indicated
by portions of two in the matrix accompanying the specimens, where
the articulation of two phalanges falls opposite the shaft of one of the
adjoining digits. The phalanges were separated by a short interval of
cartilage. The size @f this reptile was near that of .£. validus, perhaps
thirty-five to forty feet in length.
The affinities of this species, as incidentally pointed out, are to those
Liodons which approach Clidastes. This is indicated by the many pterygoid teeth, the rudimental zygosphen articulation, the regular strirn of
the bones, and the forms of the limb bones. In ]}fosasaurus the humerus
is shorter and the phalanges are longer.
The specimens on which this species rests were discovered by Professor B. F. Mudge, State geologist of Kansas and professor of geology in
the State Agricultural College of Kansas, on the north bank of the
Smoky Hill River, thirty miles east of Fort Wallace, Kansas.
Numerous fragments of another larger individual were found by Professor Mudge near the same locality, which belong probably to the same
species. Among them are a portion of the maxillary bone with bases
of two teeth; the bases of the crowns where broken off are not compressed, slightly but O\al. A radius is a flat bone, more dilated at one
extremity than that of Olidastes propython.
M.

Length radius ............................................. . 0.108
Width radius, narrower extremity. . . . . . . . . . . . . . . . . . . . . . . ... . . 064
Width radius, wider extremity .............................. . . 08
Width radius, medially ..................................... . • 042
This species cannot be confounded with the L. prori,qer, Cope, and L.
congrops, Cope, owing to its depressed Yertebral centra ; from L. ·mitchillii, De Kay, the equal and numerous pterygoid teeth separate it at once.
LIODON DYSPELOR, (COPE.)

(Proceed. Amer. Philos. Soc., Dec., 1870, p. 574.)

This species is represented by numerous vertebrrn of the dorsal, lumbar, and caudal regions, and other remains, which will, at a future time,
be more fully described than is possible at present. The vertebrrn indicate the largest mosasauroid reptile known, and are remarkable for
their form as well as size.
The centra of the dorsals are much depressed, quite as in L. perlatus,
Cope, and Mosasaurus br~tmbyi, Gibbes. Their articular faces are of
transverse lenticular form, the superior arch being a little more convex
than the inferior, and obtusely emarginate for the floor of the neural
canal. The superior outline is thus bilobecl; the lobes rounded. The
transverse curvature of the articular ball is quite regular, and not, as in
]}Josasa~wus ?naxinws, more steeply inclined at the external or lateral angles. A rather broad, smooth band separates the edge of the ball from
the surfaces of the centrum adjacent. The latter are rather finely striateridged from the edge of this band. The inferior outline of the centrum
is strongly concave, and with two venous foramina separated by a wide
interval. The basis of a diapophysis on a lumbar is very broad, measuring mor~ than half the length of the centrum. In general characters
this lumbar resembles the dorsal, including the emargination for the
neural canal, but is shorter in relation to its length.
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The depressed form of the lumbar centra gives place gradually on
the caudals to a more elevated pentagonal outline, which is still more
reduced in width in more posterior regions. The hmmal arches are
articulated and on the anterior caudals to slightly elevated bases ; on
the more posterior the bases ~re reduced in height, but more widely
and deeply excavated. I have not seen the most distal caudols, and
hence cannot determine whether their chevron bones articulate in pits,
as is the case with those of L. perlatus, L. proriger, &c. On a caudal,
wbere the depth of the centrum a little exceeds the transverse diameter,
the diapophysis has become narrow anrl thick. The excavation for the
neural canal is strongly marked on the more anterior caudal. The
smooth border of the articular ball is here narrow, and the superficial
nyre are fine and confined to the anterior part of the centrum.

JJ.feasurernents.
Transverse diameter ball post-dorsal ....................... .
Vertical diameter ......................................... .
Vertical diameter anterior caudal .......................... .
Transverse diameter anterior caudal ......................... .
Length centrum anterior caudal ............................ .
Transverse diameter neural canaL .................. _....... .
Transverse diameter basis diapophysis. . . . . . . . . . . . ......... .
Transverse diameter basis diapophysis of a more distal caudal ..
Longitudinal diameter chevron articulation of a more distal caudal
Length centrum .......................................... _.
Depth ball centrum __ ...................... _.............. .
Width ball centrum ....................................... .
Length centrum of a lumbar ............................... .
Width of articular ball .................................... .

M.
0.144
. 097
. 094
.107
. 071
. 0145
.032
. 0278
. 023
. 068
. 093
. 091
.106
. 125

In instituting a comparison between this and other known mosasauridm it will be necessary to consider species referred to JJfosasaur~ts, as
well as to liodon, from the fact that some of the former may really be
liodons. The liodons, with compressed or round dorsal or lumbar
vertebrm, may be dismissed from comparison. Of the depressed species
L. per latus, Cope, is known from specimens of one-third or less the size
of the present one, which are further peculiar in having the diapophyses
of the lumbars to stand on the anterior half only of the centrum. In
L. icterimts, Cope, the centra are less depressed and the size still smaller
than in the last.
Among Jlfosasauri, with depressed vertebral centra, it is to be noted
that none present so great a degree of depression and latera.I extension,
except the JJJ. brurnbyi of Gibbes. They are all also much smaller. The
JJI. brumbyi was founded by Dr. Gibbes on two lumbar vertebrrn from
the cretaceous of Alabama, which resemble those of the 1lf. dyspelor
in form and also in size. It is probably its nearest ally, and may be a
liodon. Dr. Gibbes established the genus Amphorosteus for it, but
without sufficient evidence to support it. The principal point of distinction between it and the L. dyspelor, which I observe, is the lack
in the former of the strong emargination of the superior margin of
t.he articular surface for the floor of the neural canal, which is so
marked in the latter. I have only the figures of Gibbcs to rely on for
this particular, and it is scarcely probable that the artist would have
overlooked it had it existed. Should the bounding prominences have
been worn off, then the restored centrum would have had a notably
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greatm· vertical diameter than in the L. dyspelor, in the same portions
of the vertebral column. As a second character I note that (relying,
as before, on Gibbes's figures) the external angles of the depressed ball
are not so extended laterally in M. brumbyi.
In size the vertebrre of the present animal exceed those of the
]}f. brumbyi. The latter has been hitherto the largest known speuies
of the order PtJthonmnorpha, exceeding two-fold in its measurements
the M. giganteus of Belgium. So the present saurian is twice as great
in dimensions as the New Jersey species I have called .11f. maxim~ts.
If, as is not entirely certain, theM. rnissuriensis, disco·v ered by Webb, measures 75 feet in length, theM. maxirwus measured 80, and theM. dyspelo·r
would not have been less than 100 feet in length. This would be the longest reptile known, and approaches very nearly the extreme of the mammalian growth, seen in the whales, though of course without their bulk.
Such monsters may well excite our surprise, as well as our curiosity, in
the inquiry as to their source of food supply, and what the character
of cotemporary animals preserved in strata of the same geologic horizon.
The locality whence this reptile was procured is near Fort McRae, in
New Mexico. It was discovered by Dr. W. B. Lyon, at that post,
and by him sent to the Army Medical Museum at Washington, whose
director placed it in the collection of the Smithsonian Institution.
The attention to the paleontology of his neighborhood by Dr. Lyon
will always be cause of satisfaction to students, and his name will be
remembered with that of Turner, (discoverer of the Elasmosaurus platyurus, Cope,) Sternberg, and others.
The stratum is the yellow chalk of the upper cretaceous, which has
yielded the L. ictericus, L. prm·iger, Polycotylus, &c., in Kansas, and
of whose western extension into New Mexico the present species is
evidence.
CLIDASTES, (COPE.)

(Proc. Acacl. Nat. Sci., Phila., 1868, 233; Proc. Bost. Soc. Nat. Hist., 1869, 258; Transac.
Am uri can Philos. Soc., 1869, 211.)

This genus is only known from the American. cretaceous, though I
have little doubt that it will be discovered in other parts of the world.
It is distinguished from all other genera of the order by the presence of
the zygosphenal articulation of the vertebrre. The humerus is of the
most remarkable form, recalling slightly that of the mole among mammals, and indicates a most powerful swimming paddle or flipper in the
pmdtion of the fore lim b. The species do not average so large a size
as those of the two preceding genera; the largest, a~ cineriarum, did not
exceed 35 feet in length. There are four species known, of which two
occur in the cretaceous beds of Kansas. They are 0. cineriarum, Cope,
Kansas; 0. iguanavus, Cope, New Jersey; 0. intcrmediu.s, Leidy, Kansas
and Alabama; and 0. propython, Cope, Alabama.
CLIDASTES INTERMEDIUS, (LEIDY-.)

(Proceed. Acad. Nat. Sci., January,,1870, p.

4.~

This species is established on several cervical and dorsal vertebr::e, with
portions of mandibular rami and other bones, from Alabama, discovered
by Dr. N ott, of Mobile.
·
They indicate a species intermediate in size between the two others here
described. The dorsal vertebr::e are rather slender, more so than in 0.
iguanavus, and with articular faces with cup and ball remarkably
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oblique to the axis of the vertebra. The dense layer of the bone is
thrown into numer~us rugosities and ridges, as in 0. propython.
What is more characteristic is the robust and even swollen form of
the crowns of the teeth, and their slightly rugose enamel for the basal
three-fourths the height. There are no facets. In the Kansas specimen there are twelve teeth in the dentary bone.
. Rotten limestone upper cretaceous, of Pickens County, Alabama,
and yellow chalk of Kansas.
CLIDASTES CINERIARUM, (COPE.)

(Proc. Amer. Philos. Soc., Dec., 1870, p. 583.)

The largest species of this genus, as indicated by the zygosphen articulation of the vertebrm.
The locality where it was found furnished also the L. mudger, but the
specimens were taken from the gray bed, perhaps the same that produced
the Elasmosa~wus 1Jlaty~trus, Cope. They consist of vertebrrn and a pterygoid tooth. There are two auteri9r dorsals, three lum bars, and one
caudal. The articular faces of the dorsals are broad vertical ovals.
They increase in width on the lumbars till on the last of these they assume the sub-pentagonal form characteristic of many species, and which
is still more marked on the caudal. The centrum of the anterior dorsal is much compressed; inferiorly slightly concave longitudinally regularly and prominently convex transversely. Conversely, the rims of tllC
cup and ball are strongly expanded, the latter with surrounding groove.
The diapophyses of the lumbars are of considerable length, exceeding in this respect those of JJfosasaurus we possess, whet>e these parts are
preserved. On the median of the lumbars the inferior surface of the
centrum :first becomes truncate or plane, and separated from that below
the diapophyses, which become slightly concave. The expansion for the
baH becomes more abrupt and striking on these vertebrm. The caudal
is a little more compressed than the lumbars, and presents the character of coossified chevron bones. These are slender and longitudinally
.grooved.
A single pterygoid tooth was found in the matrix on one of the dorsals.
The basis is short and much swollen; the crown curved, acute, a little
compressed, and with an obuse cutting edge posteriorly.
Measurements.

Vertebrm, &c., from gray bed :
M.

Anterior dorsal, length of centrum .......................... . 0.0608
Anterior dorsal, depth of articular ball ...................... . . 038
Anterior dorsal, width of articular ball ...................... . . 038
Anterior dorsal, diameter behind diapophyses ................ . . 029
Anterior dorsal, depth of articular face for rib ............... . . 022
Lumbar, length of centrum ................................ . .06
Lumbar, depth of ball ..................................... . . 037
Lumbar, width .................................... , ....... . . 039
Lumbar, length of remnant of diapophysis ................... . . 046
Lumbar No.2, length of centrum ........................... . . 055
Lumbar No. 2, width of zygosphen ...................••.... . 0182
Caudal, length of centrum ........................ ~ ........ . .041
Caudal, depth of cup.. . . . . . . . . . . . . . . . . ..................... . . 04
Caudal, width ............................................. . . 04
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Caudal, width of basis diapophysis .......... ~ ..... ! • • • . . . . . . .
Caudal, width between chevron rami ........................ .
Pterygoid tooth, height of crown ....... -.... ................ .
Pterygoid tooth, diameter of pedestal ....................... .

. 0245
. 0115
. 0125
. 013

This species was found by Professor Mudge, near the locality of the
Liodon mudgei, six miles south of Sheridan, Kansas.
It is only necessary to compare this species with 0. intermedius, Leidy,*
as the 0. iguanavus and 0. propython have depressed vertebral centra.
Those of the first are round,· of the present compressed. The 0. intermedius also agrees with the two others in the obliquity of the articular
faces to the transverse plane of the centrum; in the present species
these planes are parallel. This species is also larger than the 0. iguanavus, Cope; the 0. intermedius is smaller.
There is another species from New Jersey to which it is more nearly
allied, a vertebra of which I have described under the head of Liodon
lmvis (Trans. Amer. Philos. Soc., 1869, p. 205,) and figured 1. c., Tab.
V, Fig. 5, under the erroneous name of Macrosattrus validtts. This
probably does not belong to the Liodon lmvis, which does not possess
the zygosphen articulation, but is most likely allied to the present
species, and a true Olidastes. When compared with a vm·tebra from
the same position in the column, as determined by the position of the
diapophyses, the articular faces are still more compressed, and the inferior surface of the eentrum, instead of being regularly convex, forms
a plane separated from lateral concavities by an obtuse angle. There
is less expansion of the margins of the cup and ball. The size is also
greater. I propose to distinguish this species as Olidastes antit'alidus,
Cope. It is from the darker stratum of the green sand, near Medford,
New Jersey.
TELEOSTEI.
Physostomi.
SAURODONTIDJE, (COPE.)

(Proceed. Amer. Philosoph. Soc., November, 1870, p. 529.)

The genus Swurocepha.lus of Harlan and its allies have been. referred
to the neighborhood of the Acanthopterygian family of the Sphyrmnidm
by Professor Agassiz in his Poissons Fossiles, after having been regarded by Harlan and Hays as reptilian. This was an important step
in the right expression of its affinities; but I take the present opportunity of making another progress in the true interpretation of its relations, favored as I am by the opportunity of examining new material
not accessible to former authors. My conclusion, it will be observed,
differs widely from that heretofore maintained.
Some years after Harlan's description of Saurocephaltts lanciformis
appeared, Dr. Hays described a second species under the name of Saurodon leanus. This I believe to represent a genus distinct from the former. A third genus more remote is characterized in the present article.
The characters of first importance which may be assigned to these
genera are: Vertebne short, numerous; their neural arches united with
centrum by persistent suture. Tail vertebrated or heterocercaJ. Superior arch of the mouth formed by the short premaxillaries and long
* Proc. Acad. Nat. Sci., Philadelphia, 1870, .P· 4.

GEOLOGICAL SURVEY OF THE TERRITORIES.

415

maxillaries. Teeth one-rowed, with fangs recehTed into alveoli more or
less confluent at their openings. Anal or candal radii with complex
segmentation.
These · characters are most of them entirely contradictory of any
affinity to the Sphyrrenidm, those presented by the vertebrrn indicating
a nearer approach to .A.mia. The structure of the mouth is not that
of any acanthopterygian fish, and wiih the complex segmentation
of some of the radii approaches nearer such types as the Oharacinidce.
The form of the vertebral centra is utterly different from that of the
Sphyrmnidm; in the Swnrodontidm they are short, little contracted
medially, and deeply grooved on the sides; in the Sphyrmnidm, exceptional among teleosts in being elongate, much contracted, smooth, and
grooveless!
The characters presented by the teeth and vertebrte of Saurocephal~ts
remind one much of Serrasalmo, though the genus is no doubt in other
respects widely removed from that group. On the characters above
enumerated, I propose tbe family Saurodontidm. Its precise position I
am not prepared to determine at present, though I have little doubt
that it is related to the Salmonidm, and clupeidm. vYith the remains
of species of this group occur numerous scales, which may belong to the
former. They are cycloid and without ganoine.
The three genera are distinguished by the form of their jaws and
teeth : in Saurocephalus the crowns are shortened, much compressed,
and with sharp edges; in Saurodon the crowns are elongate, subcylindric, and slightly curved near the apex. In Idhthyodectes the teeth are
similar to those of Saurodon, but the margins of both jaws are without
the large foramina so prominent in both the other genera. There
appear to be some important differences also in the vertebrte, which
will be mentioned below.
In the Transactions of the American Philosophical Society for 1856,
Dr. Leidy treats Sauroccphalus as a sphyrrnnoid fish, and regards Saurodon as a synonyme. He corrects the erroneous references of some
European authors, showing the Saurocephalus of Dixon to be a Xiphias,
and the Saurodon of Agassiz to be some other genus which he calls
Oimolichthys, without characterizing it. This form is supposed to be
established on palatine teeth, and if so, is well distinguished, as it will
be seen below that Saurocephalus has no teeth on the palatine bones.
He also refers two other · species of supposed Saurocepha,ltts of .Agassiz
to a new genus called Protosphyrmna, without characters. This I think
rests on mandibular teeth of true Saurocephali.
SAUROCEPHALUS, (HARLAN.)

(Journ. Acad. Nat. Sci.,Pbila., III,337. ? Xiphactinus,Leiily, Proc. Ac. N::tt. Sci., Pbila.,
1870, 12.)
SAUROCEPIT.A.LUS L.A.NCIFORMIS, (HARLAN,) 1.

c.

(Me(l. and Phys. Researches, 362. Leidy, Trans. Amer. Philos. Soc., 1856, Tab. Sauroc1on lancifonnis, Hays, Trans. Amer. Philos. Soc., 1830, 476.)

Established on a right superior maxillary bone from a locality near
the Missouri River. It differs from that of the other species in having
a very elongate superior suture with the premaxillary bone, and in the '
very short dental crowns, which are as wide as deep. The -largest
species; known from the jaw. ...-
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SAUROCEPHALUS PHLEBOTOMUs, (COPE.)

(Proceed. Amer. Philos. Soc., Nov., 1870, p. 53Q.)

Established on some vertebral and portions of the cranium, the latter
including the dentary, maxillary, part of the premaxillary, the palatine,
and vomerine bones, compressed into a mass by pressure, the separate
pieces preserving nearly their normal relations. From the latter the
following characters may be derived:
Palatine bones toothless; teeth of both maxillary and dentary, with
compressed crowns, which are longer than wide at base, and closely
placed, those of the dentary twice as large as those of the maxillary.
.1\faxillary bone proximally deep; dentary shallower, the maxillary with
elongate suture with the premaxillary behind.
The teeth are equilateral, without intermarginal groove or barb, and
with smooth enamel surface, or only minutely striate under the microscope. A series of larger foramina extends along the alveolar margin of
the maxillary and dentary bones, one foramen to each tooth. The alveolal are confluent as they approach this margin.
There are three vertebral, which present two pairs of deep longitudinal
grooves, viz: two on each side, two on the inferior, and two on the superior face of the bone ; the last receives the basal articulation of the
halmapophyses. The centra are crushed ; their measurements with
those of the jaws are as follows :
M.
Length centrum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 025
Long diameter (crushed) ...................................... 035
Short diameter (crushed) ..................................... 0175
Depth maxillar.v bone anteriorly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 031
Depth dentary bone anteriorly ~. _........................... _ . 015
Length crown inferior tooth. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 006
Number crown inferior tooth in .01m ..... , .................... 3
Number crown superior tooth in .01m ........................ .4. 5
Length crown superior tooth in .01m ........... " ............... 0046
The vertebral are about as large as those of a fully grown" drum fish,"
Pogonias.
:From the yellow chalk of the upper cretaceous of Kansas, found on
the Solomon or Nepaholla River, Kan~as, at a point 160 miles above its
mouth, by Professor B. F. Mudge, professor of natural science in the
State Agricultural College of Kansas.
I append a description of some caudal vertebral of a species probably
different from the S. phlebotomus. It is indicated by three consecutive
caudal vertebral which resemble those of S. prognathus and S. thaumas,
but which differ also considerably from both ; the several arches and
spines are of very great width; inS. thaumas they are narrow, and in·
· S. prognathus as wide, but here their width exceeds the depth and
equals the length of the centrum. As in the other caudals, the lateral
grooves are wanting aud the inferior pair remain separated by a lamina.
The neural suture is very distinct, and not two-angled as in S. prognathus,
but with a median decurvature and rise anteriorly. The neural spines
are twice as wide as deep and lie on each other. The third vertebra is
shorter than the others and contracted distally; it is probably the penultimate of the series~ neural canal minute. Surface striate-ridged.
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Measurmnents.

M.
Length of centrum anterior vertebra ......................... 0.021
Depth of centrum (at middle) anterior vertebra ................. 015
Width of neural arch at base of spine .......................... 010
Depth of spine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0072
Length of third vertebra.~ ........ .............................0135
Width of neural arch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .014
Width of neural spine ......................................... 0176
From a point twenty miles east of Fort vVallace, Kansas. Professor
Mudge's collection.
In this species the vertebrre in question are longer in proportion to
their other dimensions than in those described, besides carrying wider
neural arches and spines.
SAUROCEPIIALUS PROGNATIIUS, (COPE.)

(Proc. Amcr. Philos. Soc., Nov., 1870.)

This species is represented by premaxillary and attached proximal
portion of the maxillary bones of the right side, and by a large number
of vertebrre and other bones. These portions were associated in the
collections placed in my hands by Professor :1\Iudge, and relate to each
other in size, as do those of the preceding species and the Ichthyorlectes

ctenoclon.
The premaxillary is characterized by its great depth as compared with
its length, and by the shortness of its union with the maxillary. The
palatine condyle of the maxillary reaches a point above the middle of
the alveolar margin of the premaxillary. The latter contains alveolm
of seven teeth, the anterior of which only presents a perfect crown.
This is stiH more elongate than the crown of the teeth of S. phlebotomus.
It is compressed, equilateral, smooth, and acute. Its direction is even
11~ore obliquely forward than the anterior outline of the bone, which
itself makes an angle of 50° with the alveolar border.
The vertebrre consist of cervicals, dorsals, and caudals, to the number of about sixty, most of which are supposed to have been derived
from the same animal. The grooves are as in S. phlebotomus, there being
two below, two on each side, and two above. The latter receiYes the
bases of the neurapophyses, which are in many cases preserved. The
inferior pair of grooves becom0s more widely separated as we approach
the cervical series, leaving an inferior plane, which is longitudinally
striate-grooved. This plane widens till the grooves bounding it disappear. The inferior lateral groove becomes widened into a pit which
some of the specimens show to have been occupied by a plug-like parapophysis, as in Elops, &c., or a rib-head of similar form. The neurapophysial articular grooves become pits anteriorly, and these only of
all the grooves, remain on the anterior two vertebrrn in the collection.
Some of the posterior caudals preserve large portions of the neural
arches and spines. They form an oblique zigzag suture with the body,
consisting of two right angles, one projecting upward anteriorly, another
downward behind. The neural spines are very wide and massive and
in close contact antero-posteriorly; these probably support the caudal
fin. They are deeply and elegantly grooved from the basis upward.
The centra exhibit no lateral grooves.
An unsymmetrical fin ray accompanied these remains, and from its
mineraljzation, color, size, and sculpture, probably belongs to them.
The anterior margin is thinned, and with obtuse denticulations; the
27 G
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posterior truncate. The section is lenticular, with a deep rabbet on one
side of the posterior edge; section at the base circular, apex lost. Tho
sculpture consists of fine longitudinal raised strim, which bifurcate autl
send numerous similar ridges to the teeth of the anterior margin. It is
probably a spine of a pectoral fin. It is identical in form and sculpture
with that described by Leidy as Xiphactinus audax, but differs in specific details.
:M.

Long diameter of spine ..................................... . 0.024;3
Basar diameter of spine .................................... . .019
Length, to cervicals, (not distorted) ......................... . .033
Diameter of the anterior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .o:n
Length of a dorsal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •<H6
Length of a caudal ............................. _..... _... _. .014
Width of neural spine of caudal, at base ..................... . -012
Length of alveolar margin premaxillary ...................... . .022
Length of anterior margin premaxillary ..................... . .02
Depth from condyle of maxillary ............................ . .o:w
Length of crown premaxillary tooth ................. _....... . .0042
Diameter of crown premaxillary tooth ...................... . .002
A fragment of a large flat bone exhibits very delicate radiating
grooves, which are marked by spaced impressed dots.
From the upper cretaceous of Kansas, six miles south of the town of
Sheridan. Professor B. F. Mudge. This species was about two-thirds
the size of the species last described.
SAUROCEPHALUS AUDAX, (LEIDY,)

sp.

(Xiphactinus audax, Leidy. Proc. A. N. Sci., Phil., 1870, 12.)

Established on a pectoral spine, supposed by Leidy to be that of a
siluroid. According to the description, it does not differ from that of
S. prognathns in more than specific characters. Thus the anterior margin is weakly serrate in the latter, a feature not described by Leidy in
the former. In S. auda.'XJ the posterior portions of both sides are said to
lle grooved; in that part of the spine of S. prognathus preser\ecl, one
surface only exhibits the groove in question, one of whose edges is obliquely ridged, as in S. audax. From Kansas; museum Smithsonian.
SAUROCEPHALUS TRAUMAS, (COPE.)

(Proc. Amer. Philos. Soc., Nov., 1870.)

This is larger than any of the species here described. It is represented
by wholes or parts of from seventy to eighty vertebrm, with numerous
neural and hmmal spines and fin radii, and perhaps some ribs. There are
no teeth nor cranial fragments. The bulk of the vertebrm is double that
of those of S. phlebotomus, and appropriate to an animal of the size of the
S. lanciformis. It may be ultimatP-ly found to be identical with that
species; but there is no evidence conclusive of such a view at present
in my possession.
The vertebrm present the usual two inferior, bvo lateral, and two
superior grooves-the last for the neural arch. There are no cervical
vertebrm, for these characters show them all to be dorsals aud caudals.
The suture for the neurapophyses forms a regular angulate con ye:xity
projecting downward. The arch is not closed above anteriorly, and is
expanded laterally, while the spine is directed very obliquely backward.
The concavities of the articular extremities are equal iu the dorsals; hut
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in the cau<lals one surface is much more deeply concave than the other,
one being funnel-shaped, and the other nearly plane in a few.
A number of consecutive vertebrm are preserved, which represent the
posterior portion of the caudal series. One of these is, fortunately, the
very extremity, and they demonstrate the tail to have been vertebrated
or heterocercal, less extensively than in Amia. On the anterior series of
three, the lateral grooves have disappeared from the centra; the neural
canal is very small, and the spines are very massive and curved backwards, but much less than in the more posterior parts of the column;
they are flattened, wider than deep, and in close contact with each other.
The anterior of the three, on the other hand, presents a narrowed edge
forward. The hmmapophyses are thin, and suturally united by a flat
gomphosis. The terminal series embraces six vertebne, which have a
minute or obsolete neural canal, but hmmal canal distinct, but apparently interrupted. The hmmal arches are united to the centra by a
rather smooth suture.
The general direction of these vertebrm forms a light upward curve.
The hmmal spines are flat and laminar, and their margins in contact;
they decrease in width and length to the end of the series. The neural
spine lies obliquely backward, and has a narrowed anterior ridge, but
stout shaft.
An anterior hmmal spine in place exhibits a subglobular base, like an ·
articulation, and its shaft is wider than those posterior to it. The first
hmm!];l spine is a sub-triangular fiat bone, with neck and subglobnlar extremity, applies very well to a concavity between the anterior pair of pleurapophyses, but does not in that position preserve contact with the anterior margin of the second spine. One margin of the bone is thin and divergent; the other expanded. laterally and. straight. The latter give::; off
a transverse prominence like half a globular knob before reaching the extremity. Just within the latter are two large foramina, which are connected with the extremity by a groove on each side, which meets in a
notch where the thin edge passes into the knob.
Both sides of the neural and hrnmal spines JLre concealed in this species
and in the S. prognathus by numerous parallel osseous rods, wllich are
somewhat angulate in section. They lie along the centra of the anterior
series of caudal vertebrm, but are not to be found on vertebrm of any
other part of the column. Numerous loose and. fragmentary rods of the
same character accompany the loose and attached caudal vertebrru, and
all of them, according to Professor l\'Iudge, belong to the" posterior swimming organ'' of this animal. There is also a collection of these rodR from
the anterior region of the body, which Professor l\fudge tllought occupied the position of an interior limb. They do not any of them present
a segmentation such as would be exhibited by the cartilaginous radii of
caud.al and pectoral fins, and their nature might have remained doubtful
but for the explanation furnished by the anterior compound ray or svine
of the posterior~ probably caudal fin. This ray, as in the case of the
r>ectoral spine and first anal rays of some existing sil uroid or loricariid
fishes, is composed of a number of parallel rods closely united. These
are in their distal portions remarkably and beautifully segmented, of
which a very simple form has been figurecl by Kner, as existing in the
pectoral spine of the siluroid genus, Pangctsius. This segmentation
becomes more obscure proximally, and finally disappears altogether,
leaving the spine and rods homogeneous. This portion of them is qnite
identical with the rods found in the positions of fins alre::tdy described,
and I therefore regard these a..s fin radii of the attenuated form presented
by cartilaginous rays of mo53t fishes, but ossified sufficiently to destroy

420

GEOLOGICAL SURVEY OF THE TERRITORIES.

the segmentation. They are thus in the condition of the anterior rays
of the dorsal fin of some of the large Oatostomidcc where they are proximally homogeneous and bony, distally segmented and cartilaginous.
Xhis is an important character when found in pectoral and caudal fins,
and such as I have not found described. It adds another feature to the
definition of this group.
The segmentation above alluded to presents the following characters:
The spine consists of four principal parallel rods, of which the external
on each side thins, the one to an obtuse, the other to a thin edge. The
more obtuse edge presents a groove on one side, which is occupied by a
very slender rod, and a shallow rabbet along the fiat edge is occupied by
a slender flat rod. Of the four principal rods the two median are the
most slender, and the flat marginal the widest. Of the two median, that
next the last is the wider. The stout marginal, or probably anterior
rod, is segmented en chevron, the angle directed forwards and lying
near the free margin. The suture of the segments is entirely straight,
except when returning it approaches the margin, where it suddenly
turns to the margin at right angles to it. The next rod is segmented
without chevron obliquely backward and inward; where it leaves and
reaches the margins, it is at right angles to them, and the margin projects obtusely at those points. Between them the suture is very irregular and jagged, sending processes forward and backward. The segmentation of the next rod is similar, but more regularly serrate; distally
it becomes as irregular as in the last. The transverse marginal termini
of the sutures are serrate in both. The inner and widest rod presents
a still more regularly serrate suture, with the truncate extremities; but,
owing to the width of the rod,. the near approximation of the sutures
continues for a longer distance. When broken, the suture appears
step-like.
This remarkably beautiful segmentation is paralleled remotely, as has
been stated, by ;;orne siluroids, but much more nearly by the external
caudal rays of elops. Much more like the recent type are the segmented rays of the carboniferous genus, Edest~ts of Leidy, regarded
variously by authors as a jaw or a ray, but now generally regarded as a
ray.

JJ!Ieasurements.
M.
Length of fragment of (~) caudal spine ......... - ... _........ . 0.25
Width of fragment at proximal fracture ..................... . .06
Greatest thickness at proximal fracture .... . ....... . ......... . .013
Width of posterior rod at proximal fracture .................. . .0245
Length of six distal caudal vertebrre ........................ . .10
Width of hremal spine of second of series ..................... . .024
Vertical diameter of centrum, first series .................... . •025
Length of neural spine and centrum of anterior caudal ........ . .108
Transverse diameter of neural spine of anterior caudal at base .. .0235
Antero-posterior diameter of four anterior caudal neural spines
in contact .................................... - .... .. .... . .069
Length of centrum of a dorsal .............................. . .04
Vertical diameter of a dorsal ............................... . .OG15
Transverse diameter of a dorsal, (crushed) ................... . .041
These remains were found in place by Professor B. F. )\fudge. He
states that their extent was eight feet. As they em brace no cerYical
vertebrre, nor portions of cranium, two feet are probably ·t o be added,
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giYing a total of near ten feet for the length of this fish. It was disco\·ered at a point on the bank of the Solomon's or Nepaholla River, in
Kansas, 160 miles from its point of junction with the Kansas River.
SAURODON7 (HAYS.)

(Transac. Amer. Philos. Soc., 1830, 476.)
SAURODON LEANUS, (IIAYS.)

(Loc. cit. Tab. xvi. Leidy, Trans. Am. Philos. Soc., 1856.)

From the cretaceous green sand of New Jersey.
ICIITIIYODECTES, (COPE.)

(Proceed. Amer. Philos. Soc., November, 1870.)

In this genus the teeth are subcylindric and slender, without cutting
edges. The inner margins of the maxillary and dentary bone exllibit
no dental foramina, which are in Saurocephalus and Sa~trodon of large
size.
ICHTHYODECTES CTENODON, (COPE.)

(Loc. cit.)

This species is established on one complete maxillary bone, and threefourths of the other, a large part of the dentary bone, with the entire
dental series; numerous portions of cranial bones, with thirteen Yertebrre. These, according to Professor Mudge, were found together, and
to all appearance belong to the same animal.
The dental characters differ from those of Sawrocephalus, as above
pointed out, and in this species more than in S. leanus. The crowns of
the teeth are more exserted and slender. The inner face of the crown is
more convex than the outer; but there is no angle separating the two
aspects. The apex is moderately acute, and directed a little in"~;vard,
owing to a slight convexity of the external face. Enamel smooth. The
alveoli are \ery close together, and are probably only separated in their
deeper portions. There are forty-two teeth and alveoli in the maxillary
bone. The palatine condyle is low, and its anterior border falls opposite
to the last tooth, or the indented surface which was occupied by t4e premaxillary bone. The more proximal part of the maxillary curves inward
and backward behind the position of the premaxillary more than inS.
prognathus. The maxillary is a rather thin and narrow bone, with a
broad, obtuse and thinned extremity. Its superior margin is marked with
one or more acute ridges, which look as though it had a contact with a
large preorbital bone. Two fractured bones with an elongate reniform
condyle on a wide peduncle, look like the articular extremity of an opffi'culum, which view is confirmed by their application to some flat, coarselyrugose bones which resemble parts of the latter.
The clentary bone is remarkable for its straightness and laminar character, and for the depth of the symphysis. The length of the latter is
presenTed, while posteriorly to it the lower margin of the dentary is
broken away. The alveolar margin is slightly concave, and unites with
the symphyseal at an angle of 65°. There are twent.y-seven teeth and
alveolrn, which grow a little larger to the posterior extremity of the
series; anteriorly the alveoli are confluent externally, but posteriorly the
septa are frequently complete, though thin. In neither this bone nor the
maxillary are to be found the formina along the bases of the teeth, char-
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acteristic of Saurocephal1ls or Saurodori leanus, as pointed out by Harlan
and. Hays. The vertebrrn form a series of 13.4 inches in length, embracing thirteen caudals. This is indicated by the close approximation of
the inferior pits and inserted pleurapophyses, and absence of lateral
grooves. There are important differenceH from what has been described
as characteristic of Saurocephalus. The neural arches, whose bases only
are preserved, are much lighter and narrower than in it, and its sutural
union with the centrum is less distinct. Their bases issue from pits;
but their anterior portions appear in some case at least to be coossified.
They exhibit a longitudinal rib near one side. There are no heavy neural
spines preserved. The sides of the centra are longitudinally rugosestriate; inferiorl;y th~ are rugose with exostoses.
JJicas~trements.

M.

I.~ength of maxillaiJ bo.ne .............. _........... _....... . 0.158

Depth at condyle. _•.... _. _.. __ ...... ___ . _.. _..... __ . ______ ..
Depth at extremity ....... _......... ____ ... ___ . _.. _. . . _. __ .
Length of crown of a tooth ............ ____ ._._ .. _... _._ ... _.
Diameter of crown at base . __ . ____ .. _____ ...... _.... _..... _.
Length of alveolar border of dentary. . . ... __ ...... _. ___ .. _. _
Depth of symphysis border of dentary __ . __ .... ____ ......... .
Length of opecuhtr condy lc ................................ _
Length of centrum anterior caudal. _......... _ .............. .
Width of centrum, (crushed). . . . . . . . . . . . ..... _............. .
Depth of centrum, (crushed) ........... __ ................ .... .

. 031
. 022

. 0061
. 0038

.lOG
• 047

. 018
. 024
. 0278
• 047

Specimens from six miles south of Sheridan, Kansas, on the north
fork of Smoky Hill River, near its mouth.
GENERAL CONSIDERATIONS.

There have been described above remains of three species, which
include jaws with teeth, and associated vertebrrn. In two of these
cases the jaws and teeth were found together; in the third they came
in the same small box without special indication of locality; but the
vertebrrn are of precisely the same size, sculpture, mineralization, and
color, as a large series whose locality is exactly known, to which they
probably belong. Moreover, the jaws and vertebrm bear the same relation of size to each other in all three series. These facts render it highly
probable that the remains are in each case rightly referred to the same
animal. That no mixture has occurred is also probable from the fact
that the large and small series (Ichthyodectes and S. prognatlms) came from
the same locality, (Sheridan,) while the species of intermediate size was
discovered one hundred and sixty miles from the mouth of the Solomon
River, a long distance ofl'. The pectoral spine, accompanying and belonging to the S. prognathus, I have shown to be the same as the Xiphactinus of Leidy, but probably not of the species X. audax.
The fourth series described above as S. thaumas exhibits precisely the
vertebral characters of the two other species of Saurocephalus and I
cannot resist the evidence that it belongs to that genus or the same
family. Its remains pertain to one animal, as asserted by Professor
Mudge, and their color and condition, coated with a chalky deposit of
a ferruginous yellow color, lend great probability to the statement, to
say nothing of more important reasons. No remains of pectoral spine
are preserved; but instead, the remarkable segmented ray described.
This comes from the posterior region of the vertebral column, and con-
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sists, I believe, of the adjacent rays or compound ray forming the margin of tho caudal :fin. This finds support in the analogous structures
already mentioned as occurring in Elops, and the extinct genus PJ·ymnetes,* Siluroids, &c., and the resemblance of the pectoral spine to the
same ·weapon of the latter group adds to the probability of the correctness of this conclusion.
These remarks are made because Professor Agassiz, in the Poissons
Fossiles, has referred Sin·eral spines to the Oestraciont genus Ptychodus,
which are very similar in character to that described above as the anal
or caudal support of 8aurocephalus thaumas. These were derived from
the upper cretaceous chalk of Kent, England, where Ptychodus teeth
also occur. The Saurocephalus teeth, described by Profe~sor Agassiz
in the same work, were, however, derived from the same chalk and the
same locality, and, from what has preceded, I believe the segmented
spines should be referred to the latter genus rather than to Ptychodus.
This is the more probable, in view of the fact til at Professor Mudge did
not procure a single Ptychodus tooth during his exploration.
APSOPELIX, (CoPE.)
Established on the remains of a fish preserved on a block of clay. It
presents its ventral aspect, and displays pectoral, ventral and anal fins,
with the series of interneural spine~ to which the dorsal ra<lii were articulated.
Tbe scales are large and cycloid. They do not present a trace of radii, but are marked with fine and close concentric grooves. These assume a vertical direction on the exposed surface, and are there more
irregular; the more marginal ones terminating above and below. But
few and central grooves are truly circular. No abdominal carina.
The two pelvic bones are together truncate heart-shaped, the acuminate apex presented forward. Their posterior portion is a strong transYerse rib; anteriorly each is a thin plate, with thickened onter edge,
uniting with its fellow on the median line. The median portion is so
thin as to be readily broken away. The ventral fins are short and
"·ide, with numerous rays. The coracoid bone is a broad lamina, and
tile pectoral fin evidently bau the support of rod-like humeral bones of
no great length, after the type of most Physostornous fishes, but their
form cannot be made out. Pectorals not elongate. The anal fin originates but a short distance behind the ventrals, and was not armed
with an auterior spine; its length cannot be made out. Immediately
above it a dorsal fin, with slender rays, is represented by the bases of
these rays. From above the ventrals to above the distal portion of the
pectorals a line of projecting points appears in the specimen, which I
am disposed to ascribe to the articular portions of the interneural spines
and attached fin rays of a first dorsal, but of this I cannot be entire]y sure.
The vertebrrn are longer than deep, and present the two deep lateral
grooves frequently seen. Tile number in the cervico-abdominal series
i'3 twenty·six. The ribs are delicate, and supernumerary ribs are present.
In comparing this genus with forms alrea<ly known, points of distinction from all of them may be detected. Thus, the lack of pectoral spine
will distinguish it fi.·om the known genera of Saurodontidre at least. The
character of the dorsal fin distinguishes it from Oharacinidm, Salmonidre,
&c., which, with the scales, poin~ toward Olupeidm and Elopiclm. From
these the form of the pelvic bones distinguishes it.
The ends of both muzzle and caudal region are destroyed. The latter
* Cope Proc. Am. Phil. Soc., March, 1871.
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evidently contracts from the anal fin, and was not probably very elongate, but more as in Elops or Sa~tr·us .
.APSOPELIX S.AURIFORl\IIS, (COPE.)

Scales large, ten longitudinal series to be counted across the obliquely
depressed body. No lateral line visible. About seventeen transverse
series between pectorals and ventrals. Ventral broad, when laid backward nearly reaching anal, but far behind the pectoral; anal probably
rather short, but this is not entirely certain. (Radii, D. ~-12, P. 16,
V.12.)
M.
Length from basis P. I., to V. 12 ........................... . 0.083
Length from basis P. I.,. to A. I. ............................ . . 0985
Length of ventral :fin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . . 0178
\Vidth of ventral fin, distally ............... _........ _.... _. . 013
Length of basis D. 2 __ ..... _. . . . . . . . . . . . . . . . . . . . . . . . . • ...• . 0168
Width of body ............ _.......... _........ . .......... . . 047
\V1dth of pelvic bones together ............................ . • 01()
Length of pelvic bones together ............................ . . 016
The size of this species is about that of a one-pound brook trout.
From the bed No. 2 of the cretaceous of l\leek and llayden. Found
in digging a well at Bunker Hill Station on the Pacific Railroad of
Kansas.
SPHYR1ENID.2E.
~PHYR..lEN.A C.A.RIN.A.T.A, (COPE.)

(Proc. Acad. Nat. Sci., Pbila., 1868, 92; Proc. Amcr. Pbilos. Soc., 1869, 241.)

Founded on a shed example of one of the loug teeth, taken from the
matrix attached to the dorsal vertebrm of the Elasmo8aurus platy'ltrus.
The tooth is more elongate in outline than that of the S. speciosa,
Leidy, i.
more than twice as long as wide at tlte base. The anterior
margin is the more oblique, and its smooth face is margined by a faint
line posteriorly, and is continued to the extremity. The convex inner
face of the tooth behind is sculptured with five deep grooves, which are
separated by acute ridges, which do not extend over more than half the
length of the tooth. Length three lines.
:From the upper cretaceous of the neighborhood of Fort Wallace,
Kansas.

e.,

Enchodus, sp.
A premaxillary tooth of rather small size for the genus. The length
about one inch from the matrix attached to the under side of the dorsal
Yertebrre of Elasmosaurus platyurzts. It has two carinm separating
very unequal facets. Section of base subround. The specimen is imperfect. Near Fort Wallace.
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VII.-ON THE FISHES OF THE TERTIARY SIIALES
OF GREEN RIVER, WYOMING TERRITORY.
BY PROFESSOR EnwA.RD D. CoPE.
Physoclysti.

ASINEOPS, (COPE.)
(Proc. Amer. Phil. Soc., 1870, p. 380.)

Branchiostegal radii, seven; ventral radii, I. 6-7. Opercular and other
era nial bones unarmed; scales cycloid. Spinous and cartilaginous dorsal fins continuous; caudal rounded ; anal with two spines. Lateral
line distinet. Operculum with regularly convex posterior border. Teeth
coarsely villiform, without canines. Both spinous and soft portions of
dorsal and anal fins moderately scaly.
This well-marked genus is established on the remains of fifteen inclividuals, in various states of preservation, so that the characters undistinguishable in one, can be discovered in another. Thus the lateral line
is preserved in one only, and the teeth in another. In none can I be
entirelv sure that I see the vomer.
The ~scales are preserved in many specimens, and I cannot find a
ctenoid margin in any, nor any radiating sculpture, but delicate concentric ridges continued around the central point proximally, distally .forming parabolic curves, the less median not completed but interrupted by
the margin of the scale. Near the margin all the ridges become gently
zigzagged.
There is no depression between the two portions of the rlorsal fin,
though the cartilaginous portion is the more elevated. Laid backward,
the latter is in line with the extremity of the anal, and both it and the
anal extend beyond the basis of the caudal.
Tile affinities of this genus are rather obscure, but are in some degree
related to that aberrant family of Physoclysti, the Aphredodir·idre. This
is indicated by the increased number of ventral radii, the slender sepa;rated pubes, and the reduced number of interneural spines. The Aphredodiridre betray a physostomous tendency in the same characters, with
still greater reduction of the spinous, dorsal, and anal fins, though its
ctenoid scales anu spinous orbital and preopercular bones are of physoclyst significance. In Asineops the scales are cycloid and the cranial
bones unarmed. The ventral fins occupy nearly the same position as in
the extinct genus Erismatopterus, Cope, which accompanies it, and which
is nearly allied to, if not one of the Cyprinodontidre. There is at least
in these genera another illustration of the approximation of forms, now
very distinct, in past periods. The pubes are, however, supported by
the clavicles in Asineops, by the post-clavicles iu Erismatopterus, though
the latter lJones are very long in Asineops also. Asineops and will thm;;
constitute a family, Asineop'idre differing from the Aphredodiridm in the
simple pubes. I suspect that the genus Pygreus of Agassiz will be
found also to belong to it, though no such increased number of ventral
radii is assigned to it in the Poissons Fossiles. Some of its species may
even be found to belong to Asineops. Nine are described by Professor
Agassiz, all from l\ionte Bolca, in Italy, from an upper eocene stratum.
Tile presence of so near an ally as Asineops in the Green River beds
suggests an approximate identity of age.
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ASINEOPS SQUAl\IIFRONS, (COPE;)

1.

c., p. 381.

General form is suboblong, the greatest depth jnst behind the head,
and contained two and a half times in the length, exclusive of caudal fin.
Radii D. VIII, 14; A. II, 9; 0.14; V. I, 7; P. ~ 11 ~ 13. Scales 5-~ 30-10,
Yertical line counted a little behind the ventral fins. The line of the extremities of the second dorsal and anal fins marks the basal third of the
caudal fin. The dorsal spines are subcylindric, slightly curved, and of
nearly equal length; the length equals the depth of the bouy at the
middle of the second dorsal fin.
The external series of villiform teeth are stout of their kind, conic,
m1d a little incurved. I cannot see the pharyngeal bones or teeth.
The number of Yertebrm which extend between the caudal fin and
the superior margin of the operculum, where one or more are concealed,
is twenty-five, of which fifteen are of the caudal portion; (in two I can
only count fourteen.)
The mouth is directed obliquely upwards and is rather large; the
mandible, when closed, does not project beyond the premaxillary border.
The maxillary, where preserved, is narrow distally, and does not project
he~'ond the posterior line of the orbit. The latter is rather small, and
though 11ot well defined in any specimen, is not more than one-eighth the
length of the head, and 1.5 to 1.75 times inside of muzzle. The margins
of all the opercular bones are entire and smooth. The interoperculum
is narrow, and lies obliquely upwar<l, narrowing the operculum. The
greatest width of the latter is more than two-thirds its <lepth. The
pelvic supports of the ventral fins are simple, slender, and in contact
anteriorly, their length about half that of the fin. The pectorals are
110t elongate.
The scales extend over the top of the head to, or beyond, the orbits.
They also extend along the ramus of the under jaw. Those of the fins
are quite small; they extend to a considerable distance on the unpaired,
and on the caudal fin.
:rti.

Total length of the largest specimen ........................ . 0.19
Do. No.2, smaller example (with caudal) ..................... . .12
Length of head of do ...................................... . .044
Depth of do. posteriorly about .............................. . .036
Length of base of spinous dorsal ........................... . .0265
Length of posterior spinous ray ............................. . .017
Length of operculum ....................................... . .0125
Length of maxillary bone about ............................. . .0141)
Depth No. 3, at base first dorsal . . . . ....................... . .045
Depth No. 3 at base anal, first ray .......................... . .0325
Length of basis anal-basis caudaL ......................... . .0162
J...~ength of caudal fin ............................. , ......... .
.034
Tertiary strata ·of Green River, \Yyoming; D1'. F. V. llayden, Coli.
l\Ius. Smithsonian.
A~INEOPS VIRIDENSIS, (COPE;) S~.

nov.

This species is represented by a.n incomplete specimen, which lacks the
pectoral region aud the end of the muzzle. It indicates its distinctness
jrom .A. squam'(/i·ons in the increased number of anal radii. The ray
formula is, D. IX, 14; .1\.. II, 12. There is, therefore, one dorsal spine
more than in .A. squamifrons, though a single specimen, apparently of the
latter, has the same number. Vertebrm 25, of which 17 or 18 exteuu
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from the vertebra which supports the last dorsal spine. The scales are
of about the same size as those of the A. squarnij?·ons. Dorsal region
scarcel.r convex, (in the specimen conca-ve through slight distortion.)
:M:.

Length of vertebral column to operculum. . . . . . . . . . . . . . . . . . . . . . 0.07
Depth at last anal ray. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .019
Length of last dorsal spine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .017
Another specimen laeks the head and caudal fin, but displays characters at Yariance with those of. ..Asineops sq~tarni.~frons as above noted. The
interneural bones of the anal spines are fasciculate, the median longer
than those in front and behind.
The Yentral outline is convex, and the general form shortened. Radii
A. ? II, 14; D. ? 13-13. There are only 13 vertebrre behind the last
anal spine.
M.
Length of vertebral column from vertebra supporting last A. spine. 0.033
Depth at second soft A. ray . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .o::n
From the Green River shales; from the collection of Lucius E. Hickseeker.
0

ERISMATOPTERUS,

(COPE;)

genus nov.

Dorsal and anal :fins with two strong supporting spines in front; no
other interhremal spines than those supporting them. Dorsal fin above
the anterior median or posterior abdominal region. Ventrals originating in front of or opposite to the origin of the dorsal. Pubes sending
a limb upward, which is in contact with the inferior post-clavicle.
Teeth minute or~ wanting. Caudal fin bifurcate.
I originally referred a species of this genus to the Oyprinodontidre
and provisionally to the genus Oyprinodon. The species may belong to
that family, as the characters are generally similar. The arc of the
mouth is formed by the premaxillary bone, and the ventral fins have a
rather anterior position, and the caudal is furcate; the scales are cycloid.
The strength of the spinous fin radii and supporting interhrnmal spines
attracted. my attention, and on careful examination I observe 9ther
approximations to the type of Asineops and the Aphredodiridce. The
i],]_ferior post-clavicle is very long and styliform, as in the latter genus,
and the pubic bones are slender and directed. upward so as to reach
the post-clavicles. In one specimen there appears to be an anteriorly
directed pubic limb, but this does not .exist in other specimens. The
pubes do not reach the clavicles as in true Physoclysti. As the genus is
thus different from Oyprinodon, Fundul~ts, &c., I name it as above.
ERISMATOPTERUS RICKSECKERI, (COPE;)

sp. nov.

Length, three to four inches; head, large. Vertebrrn, D. 13, C. 16=
29, ten between the interneural bone supporting tlle first dorsal ray, and
tlle first interhremal supporting the first anal ray. There are only
seven in this position in E. leoatus. Anterior dorsal ray anterior to the
point lw.If way between end of muzzle and end of vertebral column.
Brau<;hiostcgal radii, five distinguishable. Head stout, mouth terminal,
orbit equal length of muzzle; maxillary bone reaching line of middle of
orbit. Scales Hmall with numerous concentric and no radiating grooYes.
Fin radii D. VII, 8, (last split;) C. 8-19-8; A. II, 9; V. 7; P. 15.
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u.
Total length No. 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.07 43
Cranium to supra-clavicle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .018
Length to base D. I ... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0~0
Length to end vertebral column. . . . . . . . . . .. . . .. . . . . .. . . . . . . . . . .OG
Length of A. II ............ - .. - - .......................... -. . .008
Length of cranium No.2 ...................................... 0175
Length to preoperculum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .012
Length to D. I ................................ _.............. 0275
Length to A. I ..... ~ ...................... _. . . . . . . . . . . . . . . . . . .043
Five more or less complete specimens of this fish were obtained by
Lucius E. Ricksecker from the Green River shales, and I dedicate it to
him in recognition of his interesting discoveries in this departwent.
Its difference from E. levatus is seen in the more _anterior position of
the dorsal fin, more numerous vertebrrn, &c.
ERISl\IATOPTERUS LEVATUS, (COPE.)
( CypTinodon levatus, Cope; Proceed. Amer. Philos. Soc., 1870, p. 382.)

Anterior margin anal fin commencing a little behind opposite the
posterior margin of the dorsal. Vertebrrn 11-14-5, seven between the
interneural and interhrnmal bones of the dorsal and anal fins. Radii D.
8; A.. II, 8; V. 8. Caudal fin deeply fureate; ·first anal ray strong.
General form elongate, the greatest depth contained three times in the
length between the scapular arch and the basis of the caudal fin. Scales
preserved, small; seven longitudinal series above, and seven below the
vertebral column, probably two rows concealed by it. The caudal peduncle
is but little contracted. Length from scapular arch to extremity of
caudal, ])f. .0335 ; depth at origin dorsal fin, M . .008.
Total length No.2 ........... r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0.3.)
Length of cranium ............................................ 013
Length to basis D. I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0232
Length to bm;;is A. I. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .033
Length to basis V. L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0~05
Length to basis caudal .................. _. . . . . . . . . . . . . . . . . . . . .04:GG
Depth at D. I .. - ......... - . - ............ - .... - . . . . . . . . . . . . . . .01
Depth of caudal peduncle .................... _. . . . . . . . . . . . . . . .0058
There are many individuals on the slabs of slate, some of them perfectly preserved. Many of these slabs represent that portion of the
stratum which is highly carbonaceous, portions of it thrown into the
fire burning freely. Dr. Hayden, who has brought numerous specimens
from this locality, informs me that the laminrn exhibit great numbers
of these little fishes. No doubt the carbonaceous character of the shales
is due to the decomposition of their bodies. The nature of tbe deposit
and mode of preservation remind one strongly of the Cyprinoclon
rncym·i of Agassiz, from the neighborhood of Frankfort a. J.\I. That
species differs specifically from this one in presenting 18 anal radii.
Some of the specimens above described were obtained, and presen~ed
for scientific study, by L. E. Ricksecker.
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Physostomi.
CLUPE.A, (LINN.)
CLUPEA HUMILIS, (LEIDY.)

(Proceedings of Academy of Natural Sciences, 1856, 256.)

Vertebrre, 34. Depth, 22- to 2-i lines in length, exclusive of caudal fin,
(2! times, Leidy.) Scales large; I. transverse 11-12. .A very abundant species in the shales, distinguished by its corpulent form.
CL UPEA PUSILLA, (COPE.)

(Proceed. Amer. Philos. Soc., 1870, p. 382.)

Greatest depth contained four times in the total length, or 3.5 times
to basis of camlal fin. Length of head 3.2 to basis caudal. This
measurement may require revision, as the end of the muzzle is slightly
injured. Orbit large, contained twice in length, and about over the
origins of the ventrals. D. II, 11; V. 7. Pectoral extending half way
to ventrals. Vertebrm, 29-30; dorsals, 19-20. Ventral keeled ribs, 1~.
Anal fin lost. Caudal peduncle slender; caudal fin deeply furcate. Length,
}tf. 044; greatest depth, l\L .011.
·
.A second specimen exhibits the character of the species more distinctly in some respects. There are 30 vertebrre, of which 13-14 are
caudal. The general shape is regularly fusiform, and the head rather
acuminate.
M.

Total length. . . . . . . . . . . . . . . . . .. .. . . . . . .. .. . .. . . . .. .. .. . . .. .. 0.05:1:
Length to preopercular edge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .01
Length to opercular edge. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .013
Ijength to posterior margin dorsal. . . . . . . . . . . . . . . . . . . . . . . . . . . .02J.J
Length to anterior margin anaL............................. .03-!
Length to base caudal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .044
Depth at occiput. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .011
Depth at middle of dorsaL . . . .. . . .. . . . . . . . . . . .. . .. . .. . . . . . . . .011 ~)
Depth .at caudal peduncle. . . .. . .. . .. . .. . .. . . . . . .. .. . . . .. . .. . . .0046
This species is therefore much more lanceolate in outline than C. humilis, and has fewer vertebrre. It is half the size, and not nearly so
a~undant.

OSTEOGLOSSUM, C. V.
The discovery of this genus, or a close ally, in tbe Green River shales,
by Lucim; Ricksecker, is one of the most interesting in the history of
this department of paleontology which has been lately made.
Osteoglossum has hitherto been known only in a recent state, and
with a range of distribution quite unparalleled among teleostean fishes.
Thus one species-0. bicirrhosum, Vand., occurred in Brazil; 0. forrnosum, Schl. Miill., in Borneo, &c., and 0. leichardtii, Gthr., in New Zea
land; all in the southern hemisphere or near the equator. Two other
genera, Vastres and Heterotis, have been associated with it, and these
belong to the same hemisphere. or to those faunae which characterize
it, in their extensions north of the equator. It is therefore interesting
to note that the first representative of the type found in any of t~e
northern faunal regions belongs to an age apparently eocene.
The specimen representing the type species is not sufficiently perfect
to justify a final reference, but the squamation is much more that of
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this genus than of either of the others above mentioned. It be1ongs ill.
any case to the same family group. The structure of the scales is sufficient to determine this point. The whole of the scale is composed between the inferior and superior surface layers, of sub-hexagonal or
diamond-shaped cells, which are arranged in spirals tending to the
center. 'J1heir contents are more thoroughly calcified on the exposed
than in the concealed portion of the scale. No radial grooves. Tube
of the lateral line issuing by a round pore.
OS1'EOGLOSSUl\f ENCAUSTUM, (COPE;)

sp. nov.

Hepresented by a portion of the side of a large individual, including
the series of scales bearing the lateral line, and three series above and
three below it, more or less perfectly preserved. The longitudinal
extent of the fragment inCludes seventeen transverse series. These
scales are of large size, the included portions are smooth to the naked
eye, but rugose under the microscope, and with but few and faint traces
of concentric lines. Exposed portions with entire margin, bearing a
large lenticular rugose surface. This rugosity consists of elevated
portions of an enamel-like material, between small pits and grooves.
The septa between the cells are distinctly visible on the smooth part of
the scale; on the rugose surface they are represented by grooves. The
cells are in curved series, which extend to the center of growth, growing
smaller as they converge. The rugose part of the expose~! surface
diminishes in relative extent towards the anterior part of the body.
The tubes of the lateral line are in this species concealed beneath the
external layer of the scale. The opening is nearer the margin than the
center of the scale, is round, and is frequently accompanied by a smaller
one above and in front of it.
Inches.
L~ngth

of fifteen consecutive scales ................. _..... __ .. 0.23
Depth of six longitudinal series scales .. _.. ___ . ___ . . . . . . . . . . . . . .127
Vertical diameter of a scale ..... _...... _. _.......... _. . . . . . . . . .035
Transverse diameter of a scale ................. _... _. . . . . . . . . . .025
Diameter of a submarginal scale cell ....... _. . . . ........... ~ . .003
1Vidth of rugose area of scale . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . .011
As compared with the species of the genus whose scales have been
figured, the present offers clear distinction. In 0. bicirrhosum, figured
in Agassiz and Spix Brazilian fishes, Tab. XXV, the sclitles have distinct
concentric grooves, and the rugosity consists of a few points or projections. In 0. formosum, figured in Solomon Mii1ler's travels in Borneo,
&c., the rugosity is uniform on the exposed surface and very minute,
and there are no concentric grooves; the cells are smaller. In Vastres
the exposed surfaces are still more rugose-in large examples, quite
honeycombed.
The specimens represent an individual of thrP-e or four feet in length,
discovered at the fish-slate cut on the Green River, on the line of the
Union Pacific Railroad, by Lucius E. Ricksecker, civil engineer.
GENERAL OBSERVATIONS.

The laminated rock from which the above species were obtained is
similar in general appearance to the clay beds of Mount Lebanon and
Mount Bolca. The first indication of the existence of this deposit was
brought by Dr. Jno. E-vans, who obtained from it a clupeoid, which was
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described by Dr. Leidy as Olupea h~tmilis, (Proc. Acad. Nat. Sci., Phila.,
One of the blocks contains the remains of two small
shoals of the fry, probably of 0. humilis. which were caught suddenly
by a slide or fall of calcareous mud, and entombed for the observation
of future students. They must have been taken unawares, since they
lie with their heads all in one <lirection as they swam in close bodies.
Oue or two may have had a moment's warning of the catastrophe, as
they have turned a little aside, but they are the exceptions. The fry
are from one-half to· three-quarters of an inch long and upward.
True herring, or those with teeth, are chiefly marine, but they run
into fresh waters and deposit their spawn in the spring of the year, and
then return to salt waters. The young run down to the sea in autumn
and remain there till old enough to spawn. The size of the fry of tlw
Rocky Mountain herring indicates that they had not long left the
~Spawning ground, while the abundance of adults suggests they were not
far from salt water, their native element. To believe, then, that the
locality from which these specimens were taken -was neither far from
fresh, nor far from salt waters, is reasonable ; and this points to a tide,
or brackish inlet or river. The species of Oyprinodontidw inhabit alw
tide and brackish waters. Most of the species of the family, as well as
of the genus, are inhabitants of fresh water; but they generally, especially the cyprinodons proper, prefer still and muddy localities, and
often occur in water really salt. This habitat distinguishes them especially from Oyprinidm (minnows and suckers) and pike. Lastly, the
known species of Osteoglossum inhabit fresh waters.
The material which composes the shales indicates quiet water, ~mel
not such as is usually selected by herring for spawning in; while the
abundance of adult clupeas indicate the proximity of salt water.
This is far from a satisfactory demonstration of the nature of the
water which deposited this mass of shales, but is the best that can be
obtained with such a meager representation of species.
As to geological age the indications are rather more satisfactory.
The genus Olupea ranges from the upper eocene upward, being
abundant in the slates of Lebanon and Monte Bolca, while Oyprinodon
bas been found in neither, but :first appears in the middle or lower
miocene in Europe. The Asineops resemble Yery closely, ~nd I belie,~e
essentially, the Pyg::eus of Agassiz of eocene age, from Monte Boka.
Tlw peculiarities presented by the genus fonnd by Dr. Hayden are of
such small significance as to lead me to doubt the beds in question being
of later than eocene age, though the evidence rests chiefly on this
single, new, and peculiar genus.
The position of these fishes, seven thousand feet above the l~Yel of
the sea, furnishes another illustration of the extent of elm.,.ations of
regions once connected with the ocean, and the comparatiYely late
period of geologic time 'lt which, in this case, this elevation took place.
lS.JG, p. 256.)
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VIII-RECENT REPTILES AND FISI-IES.
REPORT ON THE REPTILES AND FISHES OBTAINED BY
THE NATURALISTS OF THE EXPEDITION.
BY E. D. CoPE, A. M. ,
Twenty-two species of fishes and eight of reptiles are embraced in
this collection. Among these the principal interest attaches to the fishfauna of the Colorado River of the West, and its system. Isolated as
are its waters from the systems of the Columbia on the north, of the
Platte on the east, of the Rio Grande on the southeast, and of the Pacific Coast streams on the wel3t, an inquiry into the character of its fauna
becomes desirable. This has been entered on with much succ~ss uy our
distinguished ichthyologists, ~Iessrs. Baird and Girard, who have determined the existence of at least one type as peculiar to it; I allude to
the genus or group Gila. They have also shown that nearly, if not all,
of the species belonging to it differ from those of the other basinsa conclusion which the collections of Dr. Hayden confirm. The number of species from the heads of the Colorado included in the present
collection numbers 13, none of which have been found in other waters,
jf we include· in this basin those which empty into the lakes of Utahand of which five are new to science.
Beyond the possession of peculiar species and one peculiar genus this
river basin does not differ from others except in what it lacks. This
want of forms may be owing to the poverty of our collections, or
to their real absence. It is enough to mention Siluroids, H.7Jodon,
Esox, Lepidosteus, A-mia, and Physoclysti, in general, to express the imperfection of our knowledge and the probability that, when examined,
an interesting faunal combination may be discovered. Not the least interesting fact is the occurrence of a Coregonus in the Green Hiver and
other upper waters of the basin.
The other fishes obtained by Dr. Hayden are from the upper tributaries of the Platte. As pertaining to the same great Missouri drainage
area, a few species from the neighborhood of St. Joseph, Northwestern
lVlissouri, are added. These were submitted to me by Dr. William Stimpson, secretary of the Chicago Academy of Sciences.
REPTILIA.
CAUDISONA CONFLUENTA, Say, (Crotalus.)-Utah, Colorado, Wyoming, &c.
HETERODON NAsrcus, Baird and Girard.-Head-waters of the Platte.
EUTJENIA PARETALIS, Say, (Tropidonotus, Halb.)-Head-waters of the
Platte.
EuTJENIA VAGRANS, Baird and Girard.-Utah, Wyoming, and Colorado.
lloLBROOKIA MACULATA, Baird and Girard._.;..Head-waters of the
Platte.
PHRYNOSOMA DOUGLASSII, Bell.-Head-waters of the Platte.
BATRACHIA.
RAN.A. ITALECINA, Bosc.-Common along all the streams •
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TELEOSTEI.
Oottidm.
URANIDEA PUNCTULATA, Gill, (Potamocottus ;) Proc. Boston Soc. N.H.,
L861, 40.-Head-waters of Green River.
Salmonidm.
SALMO (Salar) VIRGINALrs,Girard; United States Pacific Railroad Survey, Vol. X, p. 320, Pl. LXIII, figs. 1-4.-This species is well figured
by Girard as above. An error occurs in the enumeration of rays, where
the branchiostegals are sttid to number 9-9; they are, I find in three
specimens, 11-11. The species is distinguished from S. iriclea, Girard, by
its more slender form and fewer anal and dorsal radii. When the specimens were first received they exhibited short, broad, longitudinal red
bars along the lateral -line.
Seven specimens, two from Henry's Fork Green River, and two from
near Fort Bridger.
SALMO (SALAR) STOl\'IIAS, (COPE;) sp. nov.
Salrno (Trutta) lewisii, Cope. Proceed. Acad. Nat. Sci., Phila., 1865,
nee. Girardii.
Generalform short and stout, the head large and wide, with wide manclible and mouth. The length of the head enters four times to near the emargination of the caudal fin, and the depth at the first dorsal ray four
times in the length to the end of the basal scales of the caudal.
The base of the :first dorsal ray is nearly equidistant between the end of
the muzzle and base of caudal fin, or, more exactly, rather nearer to the
ba~e of the marginal caudal ray than to the muzzle. Radii, B. 10, D.li.
12, A. II. 10, V. 9. The end of the maxillary extends half the eyes
diameter behind the margin of the eye. Interorbital width 3. £) times iu
length of head; eye, 4. 6 times in the same, and equal to the length of
the muzzle. Symphysis of n;tandible equal to or shorter than muzzle;
gape wide. Forty-two longitudinal scales above the laternalline. l\Iaxillary bone of nearly uniform width.
There are indistinct brown blotches on the sides, and numerous black
spots on the posterior dorsal region, the entire caudal peduncle and the
two dorsal and caudal fins; anal unspotted; spots few in front of dorsal.
M.
Total length of smaller specimen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 227
Length of head.. .. . .. .. .. .. . .. .. .. . . .. . . . .. . .. .. . .. . . . .. .. . 0.315
Length to ventrals............................ . . . . . . . . . . . . . . 106
Length to anal............................................. .15
Width lower jaw, at orbits....... . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 0168
This species is an ally of the S. lewisii, S. virginalis, and S. iridea.
From the last of these the fewer anal radii distinguish it. From S. virginalis the stouter form, wider bead with shorter muzzle, and one less
branchiostegal ray, separate it. Thus in that species the head euters the
length to the end of the. caudal scales four times, and the depth 4. 5
times. The dorsal is considerably nearer the end of the muzzle than the·
basis of the caudal. The eyes and interorbital widths are less. The S. lewisii, like S. stomias, from Mississippi waters, is more like S. virginalis in all
the respects mentioned, according to both the description aml figures of
Girard, but adds the peculiarity of only 10 brancbiostegals instead of 11.
Two specimens from the Platte River, from near Fort Riley, Kausas.
Discovered by William A. Hammond, l\1. D.
CoREGONUS WILLIAMSONn, Girard; United States Pacific Railroad
Reports, X, p. 326, Pl. LXVI.-The Rocky l\fountain white fish.

28 G
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With the Salmo virginalis, probably from near Fort Bridger, from the
head-waters of the Green River or Western Colorado.
Oatostomidce.
I pave proposed to adopt as valid (Proc. A.mer. Pbilos. Soc., 1870,
480) seven genera of this family. I would now add an eighth, which
embraces species which combine with the characters of Oatostomus
proper, a complete union of the parietal bones, which obliterates the
fontanelle so universal among the suekers. The only other exception is
seen in Gycleptus, Raf., as I have already mentioned. In all the members
of the. family where I have examined it., this fontanelle is quite open and
of no doubtful proportions, and nowhere reduced to the slit often seen in
the Siluridce. In searching for the characters of Girard's so-called
genera Minomus and Acomus, I find that the type of the former, 111.
insig111is, B. G., presents the charact~r above mentioned. I therefore
adopt his name for the new genus, and add two new species, JJf. delphi?Ws and M. bardus. Whether his two other species, Jl. plebei'Us and JJI.
clarlcii, belong to it is uncertain as yet, but they have the same physiognomy.
CA'l.'OS1'0l\1US, (LES.)
Several species of this genus were procured by Dr. Hayden. For
their fuller elucidation the following table, embracing also those of
Minomus, is appended.
·
I. Scales of the posterior part of the body materially I
larger than those of the anterior.
I
a Anterior dorsal ray nearly equid.istant between end of j
muzzle and base of caudal fin.
\. .
·
Head five and a half times in length to end of caudal; 0 gr~seum.
muzzle projecting, upper lip pendent, very short, with
two rows tubercles; smooth margins narrow; scales
I. tr. 28 ; eye !-t head; V. 10.
As the last, but the lips much larger; upper with three~
rows tubercles, and both with wide smooth margin; 0. discobol1.ts.
eye, 5.5 in head, V. 9; isthmus wider.
II. Scales of body subequal.
I
a Origin dorsal ne~rer origin of caudal fin than end of ~
muzzle.
ilr d z , ·
Upper lip not pendent; head one-fifth length to end of 1 '1.. ep~~~nus.
caudal; upper lip wide, D. 11, V.10; scales tr.l. 30;
ventral fins small.
j
:aa Origin of dorsal fin nearer end of muzzle than basis [
·

f·

J

I

~Mud~.

l

.Head five and a half times in length with caudal; upper JJ1. bard~ts.
lip wide, not pendent; isthmus wide; eye, one-fifth,
head; I. tr. 30; D. 11, V. 10 ; a light band on side.
C.A.TOSTO~rus sucKLII, Girard; United States Pacific Railroad Report,
X, p. 226, Pl. LI.-Waters of the Platte.
C.A.TOSTO~rus LA.1'IPINNE, Baird and Girard; Pr. A. N. Sci., Phil., 1853,
.388; United States Mexican Boundary Survey, III, 39, Pl. XXIV, 1-6.
{A.comus, Girard.)-Two heads from the Green River.
U.A.TOSTOMUS GRISEU:M:, Girard; Pr. A. N. Sci., Phil., 1856,174; United
.States Pacific Railroad, X, 222, Pl. XLIX, figs. 5-9.-~wo specimens
from Horse Creek, (waters of tLe Platte, August 27th,) one from Red
\Cloud Creek, and three from other waters of the Platte.
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Remarkable for its very large lips, especially the upper. In· general
it is allied to the 0. griseum, being of the sarrie cylindric form. The
upper lip is pendent, and somewhat. expanded all ron.l}(l. Its margin
extends outside of that of the lower lip, where it. joins it, tbu~ formi1_1g
an entering right angle with it. The commissural margins of both ai·c
wide and abruptly separated from the tuberculated. portions. Tnberc1es
snbeqnal; those of the lower jaw projecting in a cou,-ex eulargPmeut,
concent,ric with the lower commisnre; behind. deeply incised. l\fnzz1e
projecting a little beyond upper lip; head wide, flat abo,-e; eye superior,
small, entering length of head 5.5 times; three times in muzzle.
Phryngeal bones expanded below; teeth delicate laminar, with acute
inner cusp. Length of head, entering total to end of caudal scales,
four and a half times ; ventral fins originating opposite posterior third
of dorsal, barely reaching Ycnt; pectorals• well separated; isthmus Yery
\VWe. Radii, D. 11; A. 8; V. 9. Scales in 38-40, longitudinal series
between dorsal and ventral fins ; eolor, olive btown above, black on
hea<l, passing into light yellow below·, gradually on the body, abruptly
on the head.
M.
Total length ............................................... . 0.153
Length to orbit ........................................... . .01G
Length to opercular border ........................... ·...... . .029
Length to dorsal fin ....................................... . .065
Length to ventral fin ....................................... . .OG95
Length to anal .. . ................ ......................... . .0!)7
Width of frontal bones ..................................... . .01i
Length of ventral :fins ...................................... . .022
Two specimens, one certainly, the other probably, from the Green RiYer,
Wyoming. This striking species was discovered b~y Cam. Carrington.
This species may be compared with the 0. plebeius, Girard, and 0.
generosus, Girard. In the first the eye is larger and more median, the
scales are subequal, and tllere are only eight ventral rays. In the second
the eye is also larger. In neither is the great development of the lip
seen.
1\HNOMUS DELPHINUS, (COPE,) sp. nov.
The subequal size of the scales of this species would refer it indifferently to the true group Oatostomus of Girard, or his group J\finomus,
which he did not distinguish clearly. The preceding species would
enter his Acomus, which is, however, only an undefined group of species,
to which, by the way, the type of Oatostomus, G. teres belongs.
This species is especially distinguished from those heretofore described by the shortening of the caudal part of the vertebral eolumn,
and the consequent posterior position of the dorsal fin. Add to this a
short, wide head, and thick body, and its physiognomy is expressed.
The dorsal outline is arched, the head flat above, but elevated behind,
and much depressed on the muzzle. The muzzle is wide and does not
project beyond the upper lip, which is appressed to its lower face and
bears four rows of warts; its smooth commissural part is narrow. On
the lower lip the tubercles advance nearly to the comrnisure; this lip
is deeply emarginate posteriorly; the eye enters the length of the head
:five times, two and one-half times measuring the muzzle, and twice the
interorbital region. Head four and two-thirds times in length to end
of caudal basal scales.
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Scales in thirty longitudinal series, between dorsal and ventral fins;
ventrals remarkably short, extending little more than half way to s-ent,
originating under post~rior third of dorsal. Pectorals well separated.
Radii, D. 11; .A. 8, V. 10. Isthmus wide.
Color above blackish, with a strong inferior marginal shade on the
lower part of the sides, and lighter tint above; a brown spot just aboYe
axilla, is cut off from it by a band of the yellow color which covers the
belly and head below.
M.
Total length ........................ _............. __ . _.____ . 0.149
Length to orbit ........................................ . .. . . 013
Length to opercular border ............. ~ .................. . . 0295
Length to dorsal fin ..................................... _.. . 069
Length to ventral fin ................. ___ ........ _. _..... _.. .074
Length of ventral fin ...................................... . . 015
I.1ength to anal :fin ............................ _...... __ . _... . . 0f)7
Interorbital width .......................... ~ . ..... __ .. _... . . 0115
The only species concerning which any doubt can arise in the nomenclature of this one is the 0. bernardin·i of Girard. That writer states
that the latter possesses 15 D. radii; this, with the ascription of a slender form and other peculiarities, will always separate them.
Three specimens in Professor Hayden's collection without locality.
This sllould be probably a tributary of Green Hiver.
·
MINO::t.\'I:US BARDUS, (COPE;)

sp. nov.

This species is distinguished by its very short head, and marked coloration, resembling in that respect the 0. guzrnaniensis of Girard; with
this species it has, however, nothing else in common.
Head wide, muzzle not projecting beyond upper lip; latter not pendent, with narrow, smooth commisure and three or four rows of tubercles.
Lower lip deeply incised, tubercular to near inner edge. Eye 5.25 times
in length of head, twice in interorbital width. Head five times to end
of basal caudal scales. Form stout; body cylindric anteriorly. Dorsal
fin nearer end of muzzle than end of caudal scales. Scales of body
subequal, in thirty longitudinal rows between dorsal and ventral fins;
latter originating beneath hinder border of dorsal, not, quite reaching
vent. Pectorals well separated ; isthmus wide, narrower than in JJI.
delphinus. Radii D. 11, .A. 8, V. 10.
Color, blackish above, a broad olive band from upper part of opercular border along upper half of caudal peduncle, and a broad black band
below, narrowing to a line along the middle of the peduncle. Below,
yellowish, a band of the same cutting off a blackish area above the
axilla, as in the last species.
M.
Total length ............................................... ._ 0.128
Length to orbit ............................................ . .01
Length to opercular border ............................ __ ... _. .0235
Length to dorsal fin ............................... __ .... _.. . .059
Length to ventral :fin ... - ...................... _........... . .0695
Length of ventral fin ......... . ....................... _... _.. .017
Length to anal fin......... . ................ ~ .. _.. . .. _... . .086
Interorbital width ......................................... . .0095
From the same locality as JJ.f. delphinus.
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PTYCHOSTO:iliUS BUCCO, (COPE;) Sp.
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A stout species, with a head short and particularly wide thrc ugh the
opercula. Lips thin, the inferior consisting of lateral lobes inclosing a
V-shaped interval. Superior lip narrow, not pendent. 1Vfuzzle slightly
projecting, subtruncate in profile. Eye large, 3.5 times in length of
head, 1.2 in muzzle, and nearly .75 of interorbital width. Front and
vertex flat; width bel.lind orbits 1.75 times in length of bead. llead
one-fourth length without caudal, and equal to depth. Scales, G-±05. Radii, D. II. 12 ; A. II. 7; V. 9. Dorsal nearly median on superior
outline. Pharyngeal teeth typical, i. e., pectiniform, with sligh-tly prominent inner angle.
Color uniform; dorsal fin dusky. Total length of young. 1\L .117 ; to
opercular margin .0255; to ventral fins .0545. From St. Josephs, Missouri.
This species is allied most closely to the P. collapsus, Cope. This is a
still stouter species, the depth entering the length only 3.5 times; the
eye is smaller, being .2 of the head's length. The Catostonms suckleyi
resembles it, but is more slender, and belongs to another genus. rrhe
P. bucco is named from the interopercular width of the head.
CY]n·inirlm.

(CA.l\IPOSTOl\IA .A.NOMALUl\I, Raf. Icth. Ohiensis.) (Rutilus.) Agassiz, Cope; Trans. A mer. Philos. Soc., 1866, 39G.-Probably from the
llead-waters of the Platte River.
COLISCUS PA.RIETA.LIS, (COPE;) gen. et. sp. nov.
Char. genericus: Group IV. of the tribe Epicysti, (Trans. Amer. Phil.
Soc., 1866,) and therefore witll cultriform teeth arranged 4-4, and elongate alimentary canal, coiled many times below the swim bladder. The
lateral line is almost entirely wanting, and the dorsal fin originates
above a point in front of the ventrals. The lips are exceedingly attenuated, and the mouth directed upwards. Allied to Hybognath'us, Agass.
Chctr. specijictts : Head wide ; especially behind, contained 4.25 times
in the length without caudal fin. :Muzzle obtuse; lips equal; mouth
descending obliquely, the end of the m~xillary not quite reaching the
line of the anterior margin of the orbit. Eye 3.6 times in leugth of
head; 7 times into muzzle, and 1.5 timeR into interorbital width. Scales
small; I. tr. 14; l. long. 4-2; seven behind operculum, bearing tubes of
the lateral line. Radii D. I. 7; ~£\...I. 8; V. 9. General form moderately
elongate; dorsal fin intermediate between end of muzzle and basis of
caudal. Depth at dorsal, 4.6 times in leugth without caudal. Suborbital bones slender. Color everywhere white, silver on the sides of the
head. Length, 1\i. .0432. From the 1\IissouriRivernearto St. Josephs.
(l\Ius, Chicago Acad. Sciences, No. 575.)

HYBOPSIS MISSURIENSIS, (COPE;) sp. nov.
Belonging to group B, i. e., with teeth 4-4, and mouth inferior
Form stout, with large head and thick caudal peduncle. Head 3.75
times into length without caudal fin; scales, 5-31-2-3.
Dorsal outline a little arched; depth 4.5 times in length, without
caudal fin. E,ye three times in length of head, equal muzzle, four-fifths.
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interorbital width. Profile, plane; parietal region wide; muzzle descending; upper lip projecting a little beyond lower; end of maxillary bone reaching line of orbit. Twelve scales 1n front of dorsal fin.
Least depth of caudal peduncle two and a half to three times in length
from first anal ray. Radii, D. I. 8; V. 8. Pectorals nearly reach ventrals; ventrals reach vent. Dorsal nearer end of muzzle than basis of
caudal. Length, M . .05.
Light olivaceous, below paler; a silver lateral band and small dark
dot at base of caudal fin. No dark dorsal band.
From near St. Joseph, J\iissouri. From the Mus. Acad. Sciences,
Chicago.·
This Hybopsis is near the H. procne, Cope, from t.he East. It differs
in the generally stouter form, the larger head and thicker caudal
peduncle.
HYBOPSIS SCYLLA., (COPE;) sp. nov.
Belonging to the group B. (Trans. Amer. Philos. Soc., 1866, 380) of
this genus, and therefore ~allied to H. stramineus and H. procne, Cope.
It differs from the former in its more slender form, and from both in the
increased number of longitudinal series of scales.
Head 4.5 times in length without caudal fin; eye 3.5 times in head;
~cales 6-34:-4. A. I. 7.
This species has a short head with obtuse muzzle. The lips are equal
and the mouth slopes a little (1ownward, the end of the maxillary reaching the line of the interior margin of the orbit. Length of muzzle .75
diameter of eye, which i~ little less than interorbital width; teeth 4-4;
depth of body at first dorsal ray 4.6 times in length to basis of caudal;
at caudal peduncle equal from orl>it to opercular border. Ventral fin
originating below D. I. Rays, D. I. s, A. I. 7, V. 8; lateralline slightly
decurved medially. Total lengtu, 0 J\1. .054:5. Color silvery with silver
lateral band, marked with black points, which are especially abundant
on the side of the muzzle. From Red Cloud Creek, a tributary of the
Platte.
HYBOPSIS EGREGIUS, (GIRARD.)
( Tigoma.)

United States Pacific Railroad Reports, X, 291.

What I suppose to be this species presents a well-marked grinding
surface on one tooth (the second) on each side. There is nothing to distinguish Girard's Tigomm, with this surface developed, from my section
D of Hybopsis. (Trans. Amer. Philos. Soc., 1866, 382.) These species
are his T. gibbossa, T. nigrescens, T. pulchra, and T. crassa. The teeth
are 4.1(2)-1(2).4, and the mouth more or less oblique. They c:wnot be
separated, as a genus, from Hybopsis. The Tigornm, without masticatory surface, are closely allied to the Clinostomi, from which they differ
in having the teeth 4.2-2.4 instead of 4.2-2.5. Some of Girard's J:igomm
appear to be true Olinostmni. Five specimens fi.·om Green River.
PHOTOGENIS PIPTOLEPIS, (COPE;)

sp. nov.

This species has much the physiognomy of Ceratichthys dissirnilis, Kirt.,
and is allied to the same genus. Dorsal region alongside and in front
of the dorsal fin, scaleless; scales at dorsal, 3-4-36-2-3. Radii, D. 1.7,
A. 1.8, V. 7. Teeth, 4.1-1.4; head, one-fourth length without caudal;
depth, 4.66 times in the same; eye oval, diameter a little less than
length of muzzle, 3.5 times in length of head and a little less than interorbital diameter; the mouth is nearly horizontal, and the muzzle
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descends gradually to it without projecting; maxillary extending beyond
the line of the orbit; interorbital region convex.
In general proportions this species is rather elongate, with elongate
head and small mouth. Length 0 l\1:. .07. First yentral and dorsal radii
opposed and a little nearer the end of the muzzle than the base of the
caudal :fin. Color above olive, below silver; a broad silver lateral band
with black dots on each side of the lateral line, and a band of specks on
the side of the head. A strong black dorsal band. From the North
Platte.
In two smaller specimens, apparently of this species, there are some
peculiar differences. In one the back is half scaled, the other entirely
scaled, and the count is 6-36-4. The caudal peduncle is a little shorter,
so that the dorsal :fin has a median position ; and the head enters the
leilgth (without caudal) 37 times. From the Red Cloud Creek.
HYPSILEPIS CORNUTus, Mitchell, Cope, Proceed. Acad. Nat. Sci.,
Phila., 1867, 158.-Red Cloud Creek.
CYPRINELLA. BILLINGSIA.NA., (COPE;) Sp.

nov.

A rather stout fusiform species, having the depth .25 of the length
without caudal fin. Length of head the same; eye contained in it 3.5
times, .75 of interorbital width. Parietal and frontal regions convex
transversel,y. Lips equal; mouth slightly descending; maxillary bone
reaching line of orbit. Muzzle nearly equal to orbit's diameter. Scales,
6-31-3. Radii, D. I. 8; .A. I. 8 (9 ;) V. 8; originating considerably in advance of line of dorsal fin; not reaching vent,, Pharyngeal teeth 4.1-1.4.
Color in alcohol reddish above, i. e., transparent in life; sides and
operculum silvery. .A faint median dorsal shade; no spots on fins or at
base of dorsal. Total length, M. 048 ; end of muzzle to dorsal :fin, .021.
From St. Joseph, on the Missouri River; Dr. vVilliam Stimpson.
This fish differs from all those referred to Oyprinella by Girard, in
proportions, radial or scale formula, excepting the 0. l~tgub 'tis, Girard.
This species differs in having the dorsal fin above the ventrals, and in
the upper regions of the body being dark brown. Dedicated to Joshua
Billings, author of original observations on "The Briny Codfish."
MONIA.N.A. JUGA.LIS, (COPE;)

sp. nov.

Form stout, back much elevated, descending steeply to the end of
the muzzle, Head one-fifth of total with caudal :fin ; depth one-third
without caudal fin. Eye 4.3 and four times in head's length, .6 of interorbital space. Upper lip a little more prominent than lower; end of
maxillary bone falling behind the line of the margin of tho orbit.
Pharyngeal teeth 4-4 in adults; 4.1-1.4 in small specimens. Scales
with narrow exposed surfaces, 7-34(3)-4(3.) Radii, D. I. 8; .A. I. 9; Y. 8,
reaching anal, and originating well in front of line of first dorsal spine.
Pectorals nearly attaining ventrals. Total length, M. .0665 ; to dorsal
fin, .03; depth at last anal ray, .009.
Sides and ventral and anal fins, milky white; a median dorsal shade,
a broad vertical bar behind the head, and an undefined shade on the
side between origins of ventral and anal :fin, of a sooty color. From
St. Joseph, in Northwestern l\:Iissouri; Mus. Chicago .Academy Sciences.
This species is w~ll distinguished from those described by Girard iu
the reports of the United States commissions on the Pacific Railroad
and Mexican boundary surveys. Thus, in the allied .1lf. leonina, Girard,
the depth is .25 the length ; in lJf. laetabilis and ]f. delic-iosct, Girard, the
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eyes are .3 of the bead only ; in .ilf. tristis, the anal radii are I. .7 ; in ill.
couchii, perhaps the closest ally, the depth enters the length 3.5 times;
the transverse scales are 7-3, anal rays I. .8.
The affinities of this species are plainly with such species as IIypsilepis analostanus, Girard, and Photogenis pyrrhomelas. It is interesting
to observe that in its young state it possesses the single tooth of the
inner row which characterizes the genus Cyprinella, which thus presents
an exact pa,rallelism* to the immature stage of Jfoniana, as no otbel•characters exist to distinguish the genera. I may a<ld that Heckel and
Kner have shown that the young teeth of the carnivorous type in Eurol'i}ean Cyprinidce are pectinated. That the same is true of American
genera I have often had occasion to observe. Cyprinella, tl.len, in this
respect presents an exact parallelism to Photogenis, or such species as
P. py'rrhornzelas, which only differ generically in the lack of this pectination at maturity.
Jll. jugalis in youth is thus a G,ZJprinella, and resembles no little
the C. billingsiana, Cope, from the same locality. The latter has occasionally nine anal radii, and rarely the M. jugalis losing a row of scales
aoove the lateral line, cans~B a still nearer approach. The smaller eye,
deeper body, and color will always distinguish the young of- the latter
from that of the former .
.A.LBURNELLUS PERCOBROJIUS, (COPE;)

sp. nov.

A small species of moderately elongate form, and acuminate mnzz]e.
Ventral :fins reaching to line of last dorsal ray, not anal; pectorals
nearly reaching ventrals. Scales 7-37-3; radii D. I. 8, t.he first originating opposite the middle of the ventral fins; .A. I. 11 (10.) Head
3.75 times in length without caudal :fin; depth of body 4.75 times
into the same. Eye 3.5 times into head, equal length of muzzle. :Mouth
oblique, lips equal when closed, end of maxillary extending beyond line
of orbit. Pharyngeal teeth 4.2-2.±. Seventeen rows of 8ca.lcs in front
of dorsal fin. Length, M . •05; to origin dorsal :fin, .023 ; to origin of anal.
.0263.
Color pale, with lateral sihTer band. Dorsal scales minutely punctulate; uasis of caudal the same, but without black spots. From St.
Joseph, 1\fissouri.
In technical characters this species approaches the A. ?natutinus, Cope,
but that is much more slender in all respects and has smaller dorsal
scales. Twenty-five of these cross the back in front of the dorsal fin in
A. ?natntin~ls, seventeen in A. percobromus. -For an analysis of the species
of this genus see Proceedings Amer. Phil. Society, 1870,464.
In the same collection occurred the percoid :fishes Lepontis anagallinus,
Cope, and Boleosmna brevipinne, Cope.
S.A.RCIDIUM SCOPIFERilli, (COPE;)

sp. et gen. nov.

Char. gene~·icus.-Teeth 4-4, hooked, prehensile; alimentary canal
short. No barbels, upper lip projectile; lower jaw without lip except
below the canthi, where is a fleshy lobe on each side. Lateral line
present; dorsal fin anterior to the vcntrals.
This genus is allied toExoglossum and to Photogenis. Its appearance is
quite that of the former, especially in the mouth; when examined the rami
of the mandible are not found to be united or in contact throughout, as is
the case with Exoglosswn, but they form the usual arc, but with a more
*See origin of genera., p. 7.
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than usually stout symphysis. The form of the lower lip and anterior
position of the dorsal fin separate it from Photogenis. As the dorsal fin is
immediately al.>ove the ventrals iu Exoglossum~ maxillingua, and as Giranl represents its position to be the same as in Sarcid~wn in his Ex. mirabile from Tt'xas, (United States Pacific Railroad Report, X, plate LVI,)
I suspect that the latter will be found to be a species of Sarcidiwn.
Char. specificus: General proportions medium, the l>ack nearly
straight; tlle caudal region stout; the head ra,ther small, with long and.
prominent but obtuse muzzle; mouth entirely inferior, the end of the
maxillary about reaching the line of the anterior nares; length of
head into total, without caudal fin, four times; depth at dorsal into
same, 4.75 times; origin of clorsal nearer end of muzzle than basis of
caudal fin; eye 4.2 times in length of head; l.G times in muzzle, nearly
equal interorbital width; vertex nearly plane; profile slightly conyex
to a point opposite front nares; here it descends into a deep transYerse notch, which is caused by a failure of the spines of the premaxillary to reach the nasal bones ; preorbital bone long and narrow;
lateral line nearly straight; scales u-4:4-5; fin raclii, D. l. 8; A. I. 7;
V. £; pectorals not reaching ventrals; "~entrals reaching vent, which is
a little in adyance of the anal fin; length, 1\i. .0545; depth at last anal ray,
.006.
Color, oliYaceons, (reddish in alcohol,) ""ith a straight silver lateral
band; this terminates in a strong black spot at the middle of the base of
the caudal fin. No dark dorsal band.
This peculiar little :fish was taken in the ~1issouri River, near St.
Joseph, :Missouri. (l\1ns. Chicago Acacl. Sciences.)
GrLAELEGANS, Baird and Girard, Sitgreaves's Expedition. Zuni and
Colorado, 1853, 14D, Fishes, Pl. .H .-Fort Bridger, two specimens; Forks
of Green River, two specimens.
GILA GRAIIAl\HI, Baird and Girard; United States Jfexican Boundary
SunTey Report. Fishes, p. 61, Pl. XXIV, figs. 7-12.-Fort llridger, one
specimen; Henry's Fork, one speeimen.
GILA GRACILIS, Baird and Girard; Sitgreaves's Report, 1853, 151, Pl.
III.-Fort Bridger, one specimen; Henry's Fork, two specimens; Forks
of Green l~iver, five specimens.
GILA NACREA, (COPE;) sp. nov.
Allied to G. grahamii, Baird and Girard. Radii, D, 2. 9 ; C. 6. 10. 11. 6;
A. 2. 10; V. D; P. 14. Scales, 21-13. Length of head four times in
total to basis of median caudal radii; depth at uorsal fin four and threefifths times in the same. V entrals originating in advance of dorsal fin,
not reached by the pectorals. Least depth of caudal peduncle 2.5 times
into the dept,h at ventral fins. Profile and interorbital region gently
convex; ''idth of latter :3.1 times in lengtll of head; diameter of eye
five times in length of her..,d, and J .25 times in length of muzzle, end of
maxillary not reaehing line of orbit. 'reeth 4.2-2.5. Totalleugth, ::\f.
0.136; depth of bead at orl>it, .015; \vidth of head behind, .0125; length
of head, .028; depth 0andal peduncle, .007. Color, sih-er-white; hack
narrowly dark shaded; pectol'al fin, pink. From the fork of the Green
lli ,-er uen.r Fol't Dridg'er, Wyomiug Territory; collected by Cam.
Carrington, of Dr. F. V. Hayden's expedition.
Thi.' 1-3pecies is near the G. grahamii in lltlll1ber of anal rays nnd grnPral proportions, lmt has a less deprcr.;sed form of crauinm aud nmcll
largPr eye. Tlle hettfi is more lite that of Ceratichtllys nml ordinary
Cy1Jrinidw.
·
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SEMOTILUS CORPORALrs, Mitchill~ Cope, Trans. Amer. Philos. Soc.,
1866, 363, Platte River; Red Cloud Creek.
CER.ATICHTHYS SQU.AMILENTUS, (COPE;) sp. nov.
1\iost nearly related to section III, (Trans . .Amer. Philos. Soc., 1866, p.
365,) and therefore to the 0. prosthemius,* Cope, but differing from the
latter in its very much smaller seales. General form stout; length of
head entering that of body, exclusive of caudal fin, 3.8 times; depth
entering the same, five times; eye 4.6 times in length of head, -5- length of
muzzle, and .6 interorbital width. Parietal region convex; profile nearly
plane; muzzle not prominent. :Mouth horizontal; maxillary bone not
reaching orbit. Dorsal fin considerably nearer the base of the caudal fin
than the end of the muzzle, and originating a very little in ad vance of
the origin of the ventrals. Radii, D. 1. 8; A. 1. 7; V. 7, extending to .
anal, pectorals not reaching ventrals. Isthmus rather wide. Teeth
4.2-1.4. Scales small, 17-66-14~ covering both dorsal and thoracic
regi~ns completely. This description is taken from a small, probably
young, specimen; length, M ..058. The barbels are short and slender
and easily overlooked.
Above olive, below silvery; a lateral banti of blackish dust from ime
head to the base of the caudal fin, widening behind ; a black band. round
muzzle; sides and back black dusted. Fins unspotted.
Fro n Henry's Fork of the Green River, Wyoming. Cam. Carrington
discoverer. Several specimens.
·
RHINICHTHYS MAXILLOSUS, Cope; Proc. A cad. Nat. Sci., Phil., 1864,
p. 278. Numerous specimens from Red Cloud Creek and the Platte. In
life the upper lip, ventral and anal fins, and inferior aspect of caudal
peduncle, are vermillion.
Silt~ridm.

N OTURUS FL.Avus, Rafinesque.-From the waters of the Platte; identical with those from the Ohio.

IX.-MATERIAL RESOURCES.
REPOl~T

ON THE INDUSTRIAL RESOURCES OF WESTERN
KANSAS AND EASTERN COLORLL\._DO.
BY R. s. ELLIOTT.
A11 article by Professor J. G. Cooper on "The Forests and Trees of
Northern America, ·as connected with Climate and Agriculture," appeared in the Agricultural Report of the Commissioner of Patents for
1860. In Professor Cooper's division of the continent into "provinces"
the word "campestrian" is used to express the "most marked characteristic of the prairie and great central plain regions of N ortb .America,
which consists in their comparative destitution of forests and nearly
uniform surface, gradually rising from the Gulf of Mexico to the base
of the Rocky Mountains, where they attain an elevation of 4,000 to 5,000
feet." The campestrian province, whose eastern boundary is the west
*Deceived by some specimens in the Liverpool Museum, Dr. Gunther has described
this species in the Catal. British Museum as the Gobio plumbeus. of .Agassiz. .A consideration of Professor Agassiz's description makes it apparent that a very different fish
was the subject of it, probably, as Girard has observed, a species of Semotilua.
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line of the Appalachian, or more densely-wooded, pro\ince, is subdivided
into several regions, two of which, the Dakota and the Comanche,
divided by the thirty-eighth parallel, stretch from the ninety-seventh
meridian to the Rocky Mountains.
The general course of the Kansas Pacific Railway is on the thirtyninth parallel, and in the " Dakota region" of Professor Cooper; but
the country traversed partakes of the character of both regions at
least as far southward as the Arkansas.
That portion of the State of Kansas east of the ninety-seventh meridian (which crosses the railway near Abilene) is so well known and established as a domain of great natural resources, arable and pastoral, that
extended remarks on it are unnecessary. Near Abilene, eastward, we
find the permian rocks in the bluffs of the Smoky Hill River and other
streams. These rocks are overlaid by a soil of great fertility, more or
less arenaceous, but similar to the loess or bluff deposits further east.
Near Topeka the upper carboniferous rocks are on and near the sur.
face-the line of separation between the&e and the permian not very
distinctly defined. The carboniferous series extend to and across th~
Missouri River. The formations are so genenilly covered with earths
of productive character that no rocky districts of meager fertility are
found near the line of the railway. No swamps or unproductive areas
impair the healthfulness of the country, or affect its capacity to sustain
life. Water is abundant-generally of excellent quality; timber is
plentiful in many localities; and coal is known to be obtainable over
thousands of square miles. This notice of the country along 1G2 miles
of the railway, from Abilene east to State line, is given in order that
we may have in a single view the entire line of the rail way from State
line to Denver.
WEST OF NINETY-SEVENTH MERIDIAN.

The track ~t Abilene is 1,057 feet above the level of the sea. In 53
miles westward, at Summit Siding, (2~ miles east of Fort Harker,) the
railway track rises to 1,556 feet, or 499 feet higher than at Abilene-an
average of nearly 10 feet to the mile. This elevation is on a part of the
road which cuts off a bend of the Smoky Hill River. At Ellsworth, 60
miles from Abilene, the track is again in the vale of the Smoky, and is
1,440 feet above the sea-116 less elevation thau at Summit Siding, and
383 greater than at Abilene. From Abilene to Black Wolf, 10 miles
west of Ellsworth, we b~ve a sandy soil on the uplands, nourishing a
rich growth of grass, and productive under the plow; in the bottoms a
darker loam, containing more clay as a general rule, but ha.ving all the
elements of permanent fertility. Rocks appear in the bluffs and banks
of streams; also in limited areas on the surface of the uplands west of
Salina, and in picturesque buttes, ledges, and crests between Brookville
and Fort Harker.
The geological age of the country from .Abilene to Black Wolf has
not been very positively defined by any geologist whom I have read. I
take it to be triassic, merging on its western border between Black
Wolf and Wilson Station into "Cretaceous No. 1" of your classification,
which, in the highlands north of Wilson and in the bluff's of the Smoky,
south, appears to me to be very distinctly overlaid by your "Cretaceous
No. 2." The decomposition of the triassic rocks, clays, and shales west
of Abilene has left a kindly soil for the plow, except in the limited areas
where too rocky for arable uses; and in these the native vegetation
affords excellent pasturage, and promises well for tree culture in the
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future. The farmers near Brookville, Harker, and Ellsworth, as well
as those at some distance north and south, find even the raw soil of the
prairie productive the first season. Near where I write winter wheat
gives unusual promise on sod broken for the first time last summer.
In general terms, the country from Abilene to Wilson (77 miles) may
be classed as rich in soH and abounding in supplies of water, either in
streams or reached by shallow wells-a country both arable and pastoral, and being rapidly taken up by immigrants. Abilene is prominenl
as a point for cattle shipment, increasing year after year. During the
past season large numbers have also been shipped from Brookdlle; and
in a year or two the"herds will be coming to the track at Ellsworth and
vVilson. As the consumption of beef seem.-; to be gaining on the supply, there must be continuous actiYity in the cattle trade, and its magnitude will only be limited by the rate of increase of the animals.
WEST OF NINETY-JiHGHTH MERIDIAN.

This meridian crosses the railway east of Fort Harker. At Wilson
Station, 239 miles by rail west of the State line of Missouri, we are
about 98° 30' west longitude. We are now in the border of the immense cretaceous area, which, with more or less of superimposed drift,
stretches westward to the eastern flank of the "great divide," so often
described as extending east from the mountains between the waters of
the Platte and the Arkansas. West of the one hundred and fourth
meridian· the cretaceous seems to be overlaid by tertiary formation,
with lignite beds over large areas, extending at greater or less depths to
the base of the mountains.
In describing the general formation from 98° 30' west longitude to
104P as cretaceous, reference is had to what may be called the substructure. On the surface, over large areas, there are deposits of sandy
clays and marls, with occasional solidification into porous strata of rocky
character; in areas of limited extent looser sands and gravels, the latter
in places intermingled with water-worn boulders of three to ten pounds
weight, all apparently derived ages ago (yet recently in a geological
sense) from the mountain ranges to the west and north west.
In spots near Wilson, and at intervals westward to the one hundredth
meridian, the cretaceous rocks are on the surface, and they are shown
boldly in the bluffs of the Smoky Hill, Saline, and other streams. But
further westward these rocks appear only in the bluffs of the streams,
until about the one hundred and second meridian, where, in the neighborhood of Fort Wallace, some ledges of chalky limestone, variously
tinted, rest in ledges on the uplands distant frorr: the water-courses.
SOIL FOR SIX DEGREES OF LONGITUDE.

From the ninety-eighth to the one hundred and fourth meridian we
have the traditional "desert." But there is no true desert on the
line of the Kansas Pacific Railway. Between the one hundred and
fourth meridian and the mountains the soil is in general of the same
composition as that which at the base of the mountains has in many
localities been proved to be remarkably productive. East of the one
hundred and fourth meridian the external characters of the surface-earth
suggest greater fertility than west of that line, and the native vegetation sustains this suggestion. In many parts of the plains there is a
considerable mixture of vegetable mold with the surface deposits, particularly in the lower lands, and even in the most sandy and gravelly
districts vegetation suited to th~ local conditions is always present.
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:Made up of disintegrated rocks and clays of cretaceous age, intermingled with, and in plaees overlaid by deposits of later drift, the general surface of the Plains east of the oue hundred awl fourth merWian
may be described as composed of clay and sandy loam, ·with occasional
but very limited spots of gravel-the whole impregnated with ljme, gypsum, soda, magnesia, phosphoric acid, potash, and nitre; all fertilizers
and true to their mission when ever the compacted surface is broken up
so as to let in the air and moisture.
•
I repeat, that if we may judge by the native vegetation, the Plains
may be described as productive o\er their whole extent, as traversed by
this railway. There are zones and belts of greater and less fertility; but
the language of Fremont, "broad, grassy plains," is as true in description
as it is inconsistent with the idea of a "desert." ''Broad, grassy plains,"
sustaining by their native plants animal life as ponderous as the buffalo
herd, must have uses for mankind not belonging to a desert.
In some limited portions of this vast region there is only a scanty
growth of the short, curly buffalo-grass ( Sesleria dactyloides) with more
or less of sage, cactus, and yucca. In large districts there is a general
pre\alence of grama-grass, ( Ohondrositttrn fccneum,) and eastward of the
one hundred and first meridian we find a considerable intrusion of the
Kansas'' blue-joint," which notably increases as we approach the frontier settlements in the neighborhood of Wilson and Ellsworth. In all
parts of the Plains there are spots of greater or less extent where the
nutritions bunch-grass finds a congenial soil, and presents its rich pasturage. In the most arid and apparently most sterile portions of the
country along this railway, cattle and mules and horses find subsistence
and keep in good condition, where the flippant writer for the press, in
a hurried journey by rail, bas seen only "desolation," or has been
nauseated by imaginary "alkali."
The cactus appears sparsely about the ninety-eighth meridian, perhaps some distance eastward, (Jiamrnilarict and Opuntia) and is more
abundant as we go westward, nowhere occupying the ground to tho exclusion of grasses and other herbage. "A plant which is extremely
useful to the 1\-Iexicans as a substitute for soap, by them called palmillo,
by us Adam's needle or Spanish bayonet," (.Abert,) the botanical name
Y~wca, augustifolmiJm, appears but sparingly until we pass the one hundred and second meridian, but gains in 1mm ber and vigor thence to the
mountains. Artemisia appears in the western regions, but M.ot in the
abundance displayed in the Laramie Plaius.
It is rare that any saline efflorescence is observed, until we get to the
vale of the Big Sandy, a tributary of the Arkansas, reached by the railway at Kit Carson, near one hundred and third meridian. In the dry
seasons pools of brackish water stand in the bed of this stream, and
along its banks the white crystallization may be seen at inten·als. The
Smoky IIill River probably owes its repute as an "alkali" stream to the
disintegrated chalk washed down from the layers of white or cha.lky
limestone along its banks. In the bars of Big Creek, a living stream
crossed by the railway near the one hundredth meridian, and which
empties iuto the Smoky east of Port IIays, the white limestone pebbles
haYe no doubt passed with many observers as "alkali."
The proportion of the soil of the plains rendered unfit for production
by "alkali" is not equal to the proportion of Illinois, Indiana, or Ohio
rendered unfit by swamps and marshes. In fact, except in a very few
basins, or depressions, a few acres in extent, where the drainage of surrounding areas is partly absorbed and partly e\aporated, the soil is no-w-here impregnated with alkaline matter to an extent to unfit it for gen-
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eral plant growth. Contrary to the prevailing impression, the alkaline
soils are probably the most fertile where the necessary moisture is at
hal!ld. The " alkalies" are mainly in the clays and sha~es, and the soils ·
resulting from the disintegration of these are apt to be the strongest.
Moisture is needed on these soils, not to leach out the alkalies, hut to
furnish them in solution to the roots of plants, and to prO\'ide a humid
atmosphere to surround the foliage.
In the gradual progression of settlements, the Kansas frontier moving
west, and the Colorado coming east, to cover the entire Plains in the
course of time, this vast region will be found to have as small a proportion of waste lands as some of the most favored States.
MINERALS-1\fETALS AND COAL.

Westward from the ninety-seventh meridian, we are for ab cut seventy-five miles in the triassic region; rocks of the same age of those
which, according to Whitney, are metalliferous in California. The Kansas rocks are apparently in place as deposited. No metamorphism, no
grand upheavals, no outbursts of lava, have taken place. There may
have been a gentle uplift of a few feet in the region adjoining Fort
Harker on the east, the axis probably extending north and south; hut
even this gentle uplift is problematical, and i~ only suggested by springs
coming out of the hills east of Harker, with a volume and permauence
that can hardly he due to the local rain-fall. There seerns to be a moderate curvature upward of the eastern edges of the strata, due either to
their original deposition on the sloping beaches of the old triassic sea,
or to a subsequent gentle upheaval; but even this curvature may be
only fanciful, and the waters o.f the numerous springs near Harker and
Brookville, some of which are at least 1,550 feet above the sea level,
may come round in the "divide" between the Smoky and the Saline,
from,.higher regions westward.
No metals are known with certainty to exist in this immediate region. Much of the sand-rock is impregnated strongly with oxide of
iron, and many concretions of sulphuret of iron are found in the clays
and shales. It is possible that other metals-gold, silver, tin, and antimony-might be traced. No examination with a view to metallic wealth
has yet been made. There are traditiions, said to come from the Indians,
of tin and silver having been found near Salina, in the Smoky Hill region, but they are too vague to afford any clue to the mines, if any exist. I have been shown specimens of sulphuret and carbonate of copper,
and of galena apparently argentiferous, said to have been taken from a
locality very near Brookville; but the party in possession declined to
give any information as to the place where found, or the probable quantity. Should the more valuable minerals, copper, lead, silver, &c., be
hereafter ascertained to e4ist in this region, they will probably be in
veins of segregated character lying in tbe planes of the general stratification, and not true veins, or lodes, traversing the strata. The copperbearing stratum at Mansfeld, Prussia, is described by vVhitney as " a
bituminous marly slate," and in Silesia a similar slate is worked for
copper; the beds being similar in character with some near Brookville,
but I do not know their geological age.
..
Coal, according to all geologists who have written of Kansas, dips
westward ·in the carboniferous formation, and is overlaid by the permian and later beds. Hence it may be found under the ninety-seventh
meridian, but at what depth is yet entirely a matter of conjecture. In
time it will no doubt be sought .at some points west of aU present mines;
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perhaps at inter-vals of 50 miles along the railway west of Topeka. If
the dip of the carboniferous series is really to the west or northwest,
as generally held, the depth of the coal as far west as Abilene or Brookville may be too great for working until a ~Teater demand shall grow
up. A drill at Wamego, 100 miles west of Leavenworth City, could~ at
a cost of a few thousand dollars, tell us whetlwr the veins of the Leavenworth shaft are persistent westward at a depth not beyond usefulness.
The coal found in the bluffs of the Smoky Hill River, opposite Wilson Station, though very recent, can hardly be classed as ''lignite," if·
to be lignite it is necessary that wood should have contributed to its
formation. The material is rather a carbonaceous or bituminous earth,
in layers of one to three feet in thickness, with earthy partings, and
breaking in cubical fragments, having the external characters of coal.
It is used with advantage as domestic fuel; and, with changes in the
grates and fire-boxes, coulcl be made available in locomotives; while for
stationary engines it will no doubt be extensively used as the country
becomes more densely settled.
A coal said to be of better quality, but probably of similar origin and
characteristics, is found in the bluffs of the Smoky, near the mouth of
Big Creek, east of Fort Hays. A similar deposit is known near the
town of Ellsworth. In boring for water at Bunker Hill Station, 12 miles
west of Wilson, a stratum of two or three feet in thickness was drilled
through, at a depth giving it a geological position similar to that of the
coal opposite Wilson, which seems to be in the lower beds of your Cretaceous No.2, or the upper of your No. 1. North of Wilson, in ravines
leading to Saline River, I have found similar coal iu small quantity, in
position apparently identical with that in the bluffs south of Wilson.
When one particular stratum (or a limited series of beds) was in process of growth, there seems to have been deposited over a large area, in
layers more or less continuous, combustible matter now mined a~ coal,
and of much prospective usefulness as fuel. How far westw·ard beyond
the mouth of Big Creek, and how far northward or southward from the
bluffs at Wilson this mineral fuel may in the future be discovered, cannot now be safely conjectured; but enough is known to justify the belief
that it will play an important part in the development of an extended
region, not only as domestic fuel, but also in the propulsion of machinery.
Borings at Ellis, near the one hundredth meridian, would, probably, in
less than 300 feet, penetrate strata of the same age with the coal strata
at Wilson, and in due time it is likely that examinations will be made.
West of that point the strata are gradually co-vered to depths that will
perhaps render this particular eoal unavailable for many ;years. But if
we have a store of fuel only so far west as Ellis, we are provided with
this essential article for about three-fourths the length of the State of
Kansas from east to west; and the western fourth of the State can, at
a moderate cost, be supplied from the beds spoken of, or, if need be, from
the mines near Cedar Point, about the one hundred and fourth meridian.
Should all other sources of supply fail, we can (in this most improbable
contingency) rely on the exhaustless stores of the mountains, already
reached by rail. In any event, abundant fuel is available at all points
on the line of this rail way for the use of settlers in the woodless region.
As the demand increases, and mining and transporting arrangements
become more perfect, the cost will be so reduced. as to meet the ability
of all to purchase. Nature and art have thus already provided fuel for
human uses on the Plains until forests can be grown, if desirable, to
supply it.
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BUILDING MATERIALS.

One of the most surprising features of life in Kansas is the importation
of building materials in the shape of pine lumber from distant localitiefol.,
when the State is so bountifully supplied in all parts with materials for
the walls of houses at once cheaper and nwre desirable. The famous
limestones in the bluffs of the Kaw Valley, where the mural treasures
are fitted by nature for man's use, or readily shaped by the saw and plane,
are succeeded on the west by sandstones at Abilene, Salina, Brookville,
Harker, and Ellsworth, and by limestones at Wilson, Fossil, and other
points westward to Hays and Ellis. Still farther westward, in the neighborhood of Fort allace, limestones appear of various pleasing colors,
so soft as to be wrought with more ease than blocks of wood, yet hardening on expmmre so as to sustain the weight of large buildings.
Lime may be cheaply made at numerous points on the railway. Immediately at the coal mines, near Wilson, are cretaceous limestones of excellent quality, from which lime may be produced at very small cost.
The intelligent colonists, now looking for locations in the region about
W1lson, where they expect to settle in 1871, will no doubt appreciate this
valuable material.
Clays for brick and roofing tiles, as well as for all kinds of coarser
pottery, if not for the finer, are abundant, as are also sands for mortars
and concretes. So far as I have been able to learn, bnt little use bas
been made of concrete for buildings in Kansas, although the raw materials are abundant in almost every neighborhood.
In the climate of Kansas, even the adobes of New l\fexico, well laid
np in coarse lime mortar, with external plastering of the same, always
provided the mortar is properly made and the unburned bricks thoroughly
dry, would be preferable to any wooden walls, and less costly.
The future will witness a great change in the mode of building The.
imperishable materials so profusely scattered through the State will be
made use of by a population wisely attentive to both economy and comfort. Kansas will become as famous for the solidity and taste of her
buildings as for the rich and varied products of her soil.
Fences of stone have been constructed in many localities, and will
soon be found in many more. Constructed of blocks regular in size,
they combine a species of beauty with their obvious permanence, pleasing
both to the eye and the judgment. It is, perhaps, not an unmixed misfortune that timber is so scarce, when the resu1t of the scurcity is the
durable stone fence and the living hedge.

"'T

•

WATER SUPPLIES "'WESTWARD TO ELLIS.

On the railway line the settlements may be said to extend a few miles
beyond Ellsworth, about 225 to 230 miles west from State Line. On the
Solomon and on the Saline, as also on streams south of the Smoky, settlers
are some 25 miles farther westward. Up to the limit of present settlements water is as abundant and accessible as it is in Iowa or Missouri.
1t is established that in all of Kansas, near the thirty-ninth parallel, and
east of 98° 30' west longitude, there is no part where settlements are
impracticable or need be retarded on account of the scarcity of water.
In addition to the Republican, Smoky Hill, Saline, Solomon, and other
constant streams, there are innumerable arroyos and courses in which
water for stock is found in constant pools, or near which abundance can
be had in shallow wells. It is also a pleasant fact that in the uplands
the general rule is that water is accessible in all directions in wells of
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moderate depth, usually sunk without resort to blasting and unfailing
in their supplies.
At Wilson Station, about 98° 30' west longitude, water immediately
at the railway track is abundant within 48 feet of the surface. South
of the Station three miles is the living current of the Smoky Bill River;
a few miles north is the Saline, and then the Solomon, all having tributaries of greater or less volume and permanence. At Ellsworth the
railway makes its greatest southern bend opposite the northern bend of
the Arkansas, which is within 50 miles, and the streams flowing into
the Arkamms in that r~giou arc already flanked by the homes of pioneers
whose numbers arc rapidly increasing. The magnificent pasturage of
that part of Kansas makes it the paradise of the stock-raiser.
The numerous springs near Wilson, some of considerable volume, and
all yielding water of much excel1ence, would be worthy of note in any
part of the Union, but could not be more bappily located for usefulness.
\\rest from Wilson the railway courses parallel with and not dh:;tant
fi·om the Smok~y until approaching Hays, when it bears up the valley of
Big Creek, an affluent of the Smoky. North Fork and Fossil Creeks
are crossed between \Vilson and Hays and again at Ellis. On the·
"di·'dde '' between the Smoky and Saline, followed by the railway from
\Yilson to llays, water is fonnd at depths corresponding to the undulations of the track and its elenttion above the Smoky, and a short distance
either north or south of the railway is available in springs, streams, and
pools. Along the more elevated portions of the line, where deeper
wells arc required, the dense clays of the cretaceous series are at hand
for cisterns and tanks to hold rain-water, and the thinner layers of the
fossiliferous limestones afford easily-wrought materials of construction.
Tlms we reach Ellis, 302 miles, and have been all along in a country
sufficientl~- if not abundantly watered, and presenting where they may·
be required ample resources for the establishment of ponds, cisterns,
and tank. , to retain the supplies which the clouds do not fail to yield.
\Yc are about half way from State Line to Denver, aud 2,01!) feet above
the level of the sea, yet neither in the paucity of vegetation, nor in
pri\ation of water, nor in sterility of soil, have we found one feature of
the traditional desert, with the single exception of the scarcity of trees,
which are only found along the water-courses or in nooks of the bluffs.
where fires ha,Te not been able to reach them.
Ellis is a, prominent station, with round-house, machine-shops, hotel)
and storeR. Big Creek, crossed at Ellis, is a constant stream with its
source we.'twan1 in the Plains. The Smokv Ilill Hiver is about 25 miles
south, and the head streams of the Saline about the same distance
north. Farming operations on a large scale are projected in the vicinity
of Ellis, near the one hundredth meridian.
FR0::.\1 ELI, IS "\YESTW.A.RD.

The railway pursues its g-eneral course directly westward, (the Smoky
Hill River at an average distance of 30 miles south,) and rising on the
diYidc l.letwcen the drainage to the Smoky and that to the Saline and
Solomon. There is no constant stl'eam till we reach Sheridan, 103 miles
fi'om Ellis, "·here another'' Xorth Fork" is crossed; a stream of visible
\Yater snftieicnt for largo lwr<l~ of cattle and available for irrigation.
Thf're is evidence of coHsidcrn ble nndergronnfl flow in the main as well
as lateral valleys of the ~ orth Forlc It rises far to the north, in the
higher lauds in which the south braud:es of the Hepublican have their
sources, and enters the Smoky about 15 miles sontl: of Sheridan.
T
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Betwer:1 Ellis and Sheridan the snperficial ''drift," porous in character,
covers the cretaceous clay~ ann shales to a considerable depth, and 'Yater
in wells is reached by sinking to the imperYious clays. Tlw railway
company has been successful in wells from 90 to 1:30 feet in depth,
securing supplies apparently inexhaustible.
'rhe railway track is
located on the dhTide so as to head the lateral swales and ravines, on
ground of greater average height than will be oecupied by the future
stock ranohes or '' estanchias;" and hence the water supplies of the
latter will be more readily and cheaply obtainable in wells of less depth.
The North Fork, crossed at Sheridan, has in its main and lateral valleys many desirable loeations for grazing establishments. Some of these
locations will no doubt be taken up at an early day. A large rush valley, distant eight to ten miles north from Sheridan, would winter thousands of cattle. Extensive savannas yield a large annual supply of
natural grass suitable for hay. Springs of excellent water, some of them
sufficient for irrigating purposes, are known along the North Fork. ,
Thus we reach Sheridan,, 405 miles by rail west of State Line, and yet
have passed through no "desert'' or uninhabitable country; nutritious
grasses have been on either hand, and water within reach.
FROM SHERIDAN "\VES'l'WARD.

We cross two creek beds between Sheridan and Pond Creek, 17 miles;
the contour of the countr3T indicating that wells, not yet tried, could not
fail of success. At Pond Creek water is plentiful in pools. Within a
short distance southward the Smoky Rill, here a small stream, and Rose
Creek, one of its tributaries, afford water for all purposes, with facilities
for irrigation; the latter successfully applied, under the orders of General
Woods, in the cultivated grounds at Fort Wallace. A short distance
west of Pond Creek the Smoky is crossed, here a wide be<l of coarse
san(1, with no visible water, but with a constant supply under the sand;
not, however, of large volume, as we are now within a few miles of its
upper arroyos.
In 40 miles, from Pond Creek to Cheyenne Wells Station, the railway
rises 1,000 feet; reaching an elevation above the leYel of the sea of 4,179
feet, only 12 feet less than at Kit Carson, 25 miles farther ·west. At
First View Station, 10 miles west of Cheyenne We1ls, the elevation is
4,479 feet; 288 feet greater than at Kit Carson, where it is 4,191 feet.
From First View there is a rapi<l descent to the vale of Eureka Creek,
.about 10 miles, and thence on a nearly level grade to Kit Carson.
Pond Creek being 3,175 feet, the track is 1,016 feet higher at Kit Carson;
but in making this rise in G5 miles we pass over in the first 50 miles an
immense swell of the plain, and at First View we are 1,304 feet higher
than at Pond Creek. From Pond Creek to First View the track, heading lateral swales, follows "divides" where practicable; yet the destitution of water, which might be reasonably expected, is not experienced.
At Eagle Tail, 3,336 feet above the sea, water is abundant in pools; and
g,t Monotony (about 3,520 feet) is supplied by an unfailing well, 15 miles
from Pond Creek. Along the track west of Monotony, until the descent
is made to the valP- of Eureka, H may~ pefhaps, be necessary to sink wells
to a depth proportioned to the rise of the track; but no doubt is felt
that even in the localities least favorable successful wells can be made.
About six miles east of north from the Cheyenne Wells Station, on the
railway, are the old shallow wells of the same name in the vale of the
Smoky; used formerly to supply the overland stages, and now used by·
emigrants with teams and live stock. And the fact that emigrants
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craverse the Plains near the thirty-ninth parallel at their pleasure, without serious inconvenience from lack of water, ought of itself to establish
the habitable character of the country.
Descending west from First View Station, we are inlO miles at Eureka
Creek; only an arroyo, but marking a depression in the plain, where,
over an area of several miles square, water can be had in wells at the
depth of a few feet; the water in the railway well at Eurek'a tank being
within 10 feet of the surface. Five miles farther we are at Kit Carson,
where, in addition to constant pools in Big Sandy, and unfailiug supplies to a limited extent in the arro;yo of Wild Horse, the large but
shallow wells sunk for railway uses are apparently inexhaustible.
The artesian well at Kit Carson penetrates the clays aud shales
of cretaceous age, below the level of the percolations from the surface.
It was undertaken before the abundance of the stores near the surfaceresting on the clays, under the loam, sand and grayel-were known or
supposed to exist. Its main object was a flowing stream, and this not
being realized at 1,460 feet, and there being no necessity for more
liberal supplies than are now enjoyed, the "\York has lJeen suspended.
The geological features developed by the well haYe been discussed in a
former letter, and need not be treated here.
FROM ICI1' CARSON WESTWARD.

Along the railway for nearly 70 miles we haYe the Big Sandy and
its tributary arroyos. Then at Cedar Point we cross the northern
trend of the" great divide," and thence to Denver we are on the waters
of Beaver, Comanche, Kiowa, Bijou, and Bear Creeks, and some minor
streams. It is true that there are seasons when the water is not visible
in the broad sandy troughs of these creeks, yet it is neYer absent, but
is always in large quantities under the surface, accessible by shallow
wells. Nature has kindly given it the shield of sand, as a protection
against the warm air of summer; and thus sayed from evaporation, it
is with little labor brought into usefulness. ~n addition to the streams
there are numerous springs between Kit Carson and Denver, some near
and some distant from the track, and wells even on the high flanks
of the eli vi des would in most cases be successful. In the Godfrey coal
mines, 5,505 feet above the level of the sea, water is encountered at
various depths, in a shaft 108 feet.
.
The immense coal-field, which appears to dip gently to the westward
from Cedar Point, in addition to supplying fuel in unlimited quantities,
may yet, in the slope of the tertiary strata, afford successful artesian
wells between Cedar Point and Denver. Having written of this coalfield in a previous letter, I only allude to it briefly in these passages
as relating to coal supplies. While its coal treasures are beyond
computation, it is possible that this "tertiary basin" may in time bear
some resemblance to the Paris basin, so far as flowing wells are concerned. vVith the timbered region of the great divide on the south,
water supplies in all its parts, I look for a rapid extension of settlements in the country between Cedar Point and Denver.

~he foregoing presents, so far as it goes, a fair view of the water
supplies along the Kansas Pacific Railway. Though in particular
regions not abundant, water is yet greatly more copious in supply than
the popular belief, and e~ep._ so~e grave works of science, haYe hereto-
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fore held it to be. It may be said with safety, because with truth, that
the entire space of 20 miles on each side of this railway, covered by its
grant of lands, is available for human sustenance, so far as its utility
depends on sup1)lies of water in springs and streams, or its provision at
reasonable cost in wells, cisterns, and tanks.
The nearest approach to destitution is between Pond Creek and Kit
Carson. By reference to a correct map you will see that the Smoky
Hill Uh·er bas its sources (or upper arroyos) east and northeast from
Kit Carson, the Republican is at a considerable distance northward and
northwestward, while the Big Sanely is westward and southwestward.
The eye at once appreciates tllc fact that here is a water-shed, curving
round from about Cedar Point, passing north of Eureka Valley and
turning southward past First View Station, giving us the swell in the
plain which I have noted as existing from Pond Creek westward to
First View. Now when the porous character of this region, with drift
from 100 to possibly 500 feet in depth, is considered, we readily understand that the streams may be small or intermittent; arroyos, with
occasional pools, not lasting, and running water only in times of heavy
storms, and we are prepared for the phenomena which actually present themselves: invisible streams finding their way slowly under the
earth, and a surface not cheered by brooks or rivers, though verdant
with nutritious vegetation.
But let us consider the beneficence manifested, even where the absence
of visible water may to the careless observer suggest desolation. Over
this region there is an annual rain-fall, averaging from 15 to 20 inches;
but let us take it to be but 12 inches. This gives 43.5GO cubic feet
of "TI"ater on an acre in a year; about 340,000 gallons in the dooryard
of the farmer; on each square mile nearly 28,000,000 cubic feet, or
nearly 220,000,000 gallons. 'Vhat becomes of this precipitation~ If
tile surface were bare rock or impervious clays it woul<l mainl;r pass
off by :floods, and the remnants loft in depressions escape by evapora.
tiou. But the superficial deposits are of such porous character, over
extended areas, that a large proportion of the rain-fall sinks into the
earth, and is there stored in depressions of tho clay sub-strata, ready
for man's use as needed.
IRRIGATION.

A day will come, no doubt, -when streams and wells along the line of
this railway will furnish water for irrigation, to nourish such vegetation as will not thrive without it. The Smoky Hill River and many of its
tributaries can be used, either by leading out the water from dams or
forcing it to a higher level by machinery. It may be said that along
or near the railway irrigation to a considerable extent from streams is
practicable till we reach the one hundred and second meridian. Thence
to about the one hundred and third meridian the water must be songht
in wells, or the rain-fall stored in tanks for use as needed.
West of the one hundred and third meridian the Tiig Sandy, with a
fall of about 17 feet per mile, can be utilized for irrigation up to and
beyond the point where the track lea·ves its valley. Passing the divide
at Cedar Point, we have Beaver, Comanche, Kiowa, Bijou, and Bear
Creeks, together with springs and lesser streams ; all with supplies of
"\Vater to be rendered available in the future if required.
The fall of the streams above named is stated to be about 30 feet to
the mile, and their waters can be led out at small cost. The canals· at
their commencement will partake somewhat of the character of the
Afghanistan cmcreez, but will be less costly. In the sandy beds of the

GEOLOGICAL SURVEY OF THE TERRITORIES.

453

streams water rests on the impervious bottoms at the depth of 10 to 15
feet; and conduits, with a fall of 2 to 4 feet to the mile, will bring it out
to the points where needed.
Pow·er for raising water from streams or wells will be furnislled by
the winds, by cattle, or steam. If Ericsson succeeds witll his solar engine it may come into use in this country of much sunshine. But
the wind-mill, for irrigating purposes, particularly where water is to be
raised from wells, is likely to be the main reliance.
The project of carrying the South Platte eastward from the canon, in
a grand canal 8long the divide, wiJ.lno doubt be realized in a comparatively short time. Reaching past the heads of the streams crossed by
the railway between Cedar Point and Denver, the canal, in fertilizing
its million acres, will add to the quantity of water directly flowing from
it as by its modifying influence on the climate.
The suggestion of J. A. Hodder, esq., of Cincinnati, that streams
from the mountains might be led out to irrigate considerable districtR,
and the surplus water be accumulated in lakes for use as the vicissitudes
of the seasons may require, will probably be found worthy of grave consideration as the population and the ability to twcornplish large works
increase.
While it is held that, in addition to natural grasses, there may
be a large production of food for live stock, and of grains for bread,
1.oitho~tt irrigation, in many if not all parts of the Plains, it is yet equally
certain that irrigation is essential for some kinds of vegetation in many
localities. What would be a great benefit in Pennsylvania or Ohio, if
applied, is absolutely necessary for full success with some particular
crops in that part of the campestrian province west of the one hundredth meridian. Hence, in looking forward to the reduction of a vast
region to productive uses, problems of irrigation are to be considered,
and in clue time they will be solved in the daily life of the future
inhabitants.
CLil\f.ATE.

The Plains have been so often described as a " rainless region," that
great misconception in regard to the climate has prevailed. The absolute precipitation is much greater than has been in past years supposed,
and is due to other causes. l\feteorologists who have described the rainfall of the Plains as derived only or principally from the remaining moisture of winds from the Pacific, after the passage of the Nevada and
Rocky Mountain ranges, have been greatly in error, and the better conclusion now is, with all authorities who have given any special attention
to the subject, that the moisture which fertilizes the :Mississippi Valley,
including the broad, grassy plains, is derived from the Gulf of :Mexico.
Within a few years the :tain gauge has been brought into service at
points distant from each other, but located at irregular intervals across
the continent, and its record shows not only greater precipitation than
was formerly believed to take place on the Plains, but that the distribution is unequal in time, giving us the largest proportion in the growing seasons, spring anu summer.
In his late work, "The :Mississippi Valley," Professor J. vV. Foster
says : "The rains which water the Atlantic slope are equally distributed,
the variations between the four seasons being very slight," while "those
which water the Mississippi Valley are unequally distributed, those of
spring and snmmer being greatly in excess;" "a fact," he says, "which
has been overlooked by most meteorologists in reference to the geological distribution ofplants." .As we pass west\r'ard from the Atlantic the
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inequality increases until we pass the R.ocky ]\fountains. "Contrasting
the two stations, New York and Fort Laramie," says Professor li'oster,
" it will be seen that on the seaboard about 48 per cent. of the yearly
precipitation occurs during the fall and winter, while ou the Plains
only 25 per cent. occurs during that period, and that, while ou the seaboard the precipitation is nearly uniform during the four seasons, threefourths of the precipitation on the Plains occurs during spring and summer." The same excess in the rain-fall of spring and summer is, I think,
noted with comments in Blodgett.
At Fort Riley about 69 per cent. of the annual precipitation is in
spring and summer ; at Fort Kearney 81, and at ~. . ort I.1aramie 72 per
cent. From observations at Forts Harker, Ilays, and Wallace, on the
line of this road, the same rule seems to hold good. R.ecords have not
been long enough continued at these three posts to give a long average,
but the mean appears to be between 17 and 10 inches at Hays and \Vallace, and possibly rather more at Harker. The actual average for 18G8
and 1869 at Hays is 18.76 inches, and for the first six months of 1870 the
record is 10.68 inches. At Wallace the record for 1860 was over 17
inches, and in 1870, up to October 1, about the same amouut had fallen.
Without' records there can be only conjecture; and I can only remark
that there does not seem to be much diminution in the annual rain-fall
until we get as far west as the one hundred and third meridian. Tllence
to the base of the mountains, (except perhaps in the timbered portions
of the great divide, south of the line of this railway,) the annual average
may be possibly two or three inches less than in the midst of the Phlins:
a peculiarity explained, hypothetically, by the fact that the region "lies
to the westward of the general course of the moister currents of air
flowing northward from the Gulf of :Mexico, and is so near the mountains as to lose much of the precipitation that localities in the Plains east
and northeast are favored with. The mountains seem to exercise an influence-electrical and magnetical ~-in attracting moisture, which is
condensed in the cooler regions of their summits, while the plains at their
feet may be parched and heated to excess." This explanation may be
fanciful, but the fact remains that near the mountains the rains seem to
decrease north of the great divide; fortunately, however, this occurs in
a region where irrigation may be applied extensiYely, and where there
is sufficient moisture to nourish bountiful crops of grass.
A striking difference exists between the rain-fall in New Mexico and
that on the Plains. While the annual amount at Santa Fe and at Fort
Hays is nearly equal, the larger proportion of the rain-fall at Hays comes
in spring and sumnter, while at Santa Fe it is delayed till summer and
a~ttwmn. Hence the farmer at Hays may have his wheat crop matured
in em~y summer without irrigation, while the same crop in New Mexico
requires to be irrigated. The usual period for the nourishing rains to
begin, in New Mexico, is about the first of .August, a time when they
are usually light on the Plains.
Theory suggested that the cereals ought to sustain themselves without irrigation at least as far west as the head streams of the Smoky
Hill River; and the president and directors of the rail way caused experiments to be made. Wheat sown in April last matured in July, about
the one hundred and first meridian, yielding merchantable grain.
1Haize formed ears, and oats headed well, but neither filled in a satisfactory manner, owing to the fact that the dry and bot season comes
on when their grains are forming. Both can be raised as fodder to any
extent desired. .All along the railway, throughout the season, stalks of
maize and oats could be seen growing, where seeds had been dropped by
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accident. At Cheyenne Wells, 4,179 feet above sea level, beans matured
along the road bed; and at First View, 4,479 feet, oats grew to the
average height and matured its seed. Winter wheat, rye, and harley.
now on trial as far west as Pond Creek, near one hundred and second
meridian, are expected to yield well, though late sown on raw sod.
The vegetation of the Plains, along wagon-tracks and railroad embankments, shows a capability of production scarcely suggested by the
surface where undisturbed. vVherever the earth is broken up, the wild
sunflower (Helianthus) and others of the taller-growing plants, though
previously unknown in the vicinity, at once spring up, almost as if
spontaneous generation had taken place.
CHANGE OF CLIMATE •.

In September last I wrote to Professor J osepb Henry as follows:
I have been on the Plains all the time since early in May till this date, (22d September.) There has been much dry weather, hut I have not seen one cloudless uayno day on which the sun would rise clear and roll along a canopy of brass to the west.
There has always been humidity enough to form clouds at the proper height; and on
many uays they would. be seen defining, by their flat bottoms, the exact line where
condensation became sufficient to render the vapor visible, '+ " " I conclude from
all this that abumlaut moisture has floated over the Plains to have given us a great
deal more rain than would be desirable, if it had been prccipitaterl.
Sometimes a storm would be seen to gather near the horizon, ancl we could see the
rain pending from the clouds like a fringe, hanging apparently in mid-air, unable to
reach the expectant earth. The rain stage of condensation had been reached n.bove,
but the descending shower was reva,porized, a,pparcntly, and thus arresteu. * * *
These hot winds are not, so fa,r as I ha,ve observed, apt to be constant in one place
for any considemble length of time ; they strike your face suddenly, and perhaps in a
minute are gone. They seem to run a,long in streaks or ovenfulls, with the winds of
ordinary (but rather high) temperature. They do not begin, I believe, till in July, as
a general rule, and arc over by September 1, or perhaps by August 15. Their origin I
take to be, of conrse, in heated regions south or southwest of us; but their peculiar
occurrence, so capricious and often so brief~ I cannot explain to myself satisfactorily.
I have no rain-gauge record. at hand for this and past seasons; but I may remark that
this season, since a,bont the 15th of July, in these distant Plains, has given us rain
enough to make beautifully verdant the spots in the prairie burnt off clming the
"hea,ted" term in July. From Kit Carson eastward the rains ha,ve been, I think, exceptionally abundant. All through the summer we have had clew occasionally, and it
has been remarked tha,t buffalo-meat has been more difficult of preservation than
heretofore; facts indica,tivc of humidity in the a,tmosphere, even where but little rainfall was witnessed. Turnips sown in August would have made a, crop in this vicinity,
422 miles west of the State line of Missouri.
* * * '~ " * * * ~
Facts such as these seem to sustain the popular persuasion in Kansas, that a, climatio
change is taking place, promoted by the spread of settlements westwardly, breaking up
portions of tho prairie soil, covering the earth with plants that shade the ground more
than the short grasses; thus checking or modifying the reflection of heat fi:om the
ea,rth's surface, &c. The fact is a,lso noted, that even where the prairie soil is not disturbed, the short -buffalo-grass disappears as the "frontier" extends westward, and its
place is taken by grasses a,nd other herbage of taller growth. That 'this change of the
clothing of the Plain~, if sufficiently extensive, might have a, modifYing influence on
the climate, I do not doubt; but whether the change has been already spread over a
large enough area, a,nd whether our apparently or really wetter seasons ma,y not be
part of a cycle, arc unsettled questions.
The civil engineers of this mil way believe that the mins and humidity of the Plains
have increased during the extension of railroads and telegraphs across them. If this
is the case, it ma,y be tha,t the mysterious electrical influence iu which they seem to
have faith, but do not profess to explain, has exercised a, beneficial influence. \Vhat
effect, if any, the digging a,nd grading, the iron rails, tho tension of steam in locomotives, the friction of metal1ic surfaces, the poles a,nd wires, the action of batteries, &c.,
could possibly or probably ha,ve on the electrical conditions, as connected with the
phenomena, of precipitation, I do not of course underta,ke to say. It may be that wet
seasons have merely happened to coincide with railroads and telegraphs. It is to be
observed that the poles of the telegraph are quite frequently destroyed by lightning;
and it is probable that the lightning thus strikes in many places where before the erection of the telegmph it was not apt to strike, and perha,ps would not ieach the earth
at all.
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These remarks were sent t{) the distinguished meteorologist, Professor
Henry, rather to draw the attention of his cultivated mind to the phenomena than to assert a theory. Yet there are facts which sustain the
popular notion of a climatic. change, manifested in a more humid atmosphere, in greater rain-fall and a change of vegetation. A gentleman
who has given much attention to meteorology writes me that he is not
satisfied that settlements have sufficiently changed the surface of the
country west of the Missouri to affect the climate. " The increased
rains," he says, ''I apprehend, are due to extra mundane or cosmic influences not yet understood."
It is certain that rains have increased; this increase has coincided
with the extension of settlements, railroa.ds, and telegraphs. If influenced by these, the change of climate will go on; if b,y extra mundane
influences the changp, may be permanent, progressive, or retrograde. I
think there are good grounds to believe it will be progressive. Within
the last fifteen years, in Western Missouri and Iowa, and in Eastern
Kansas and Nebraska, a very large aggregate of surface has been broken
up and holds more of the rains than formerly. During the same period
modifying influences have been put in motion in Montana, Utah, and
Colorado. Very small areas of timbered land west of the Missouri
have been cleared; not equal, perhaps, to the area of fore~t, orchard,
and vineyards planted. Hence it may be said that all the acts of man
in this vast region haYe tended to produce conditions on the earth's surface ameliorative of the climate. With extended settlements on the
-'-\.rkansas, Canadian, and Red River of the South, as well as on the
Arkansas, on the river system of the Kaw Valley, and on the Platte,
the ameliorating conditions will be extended in like degree; and it partakes more of sober reason than wild fancy to suppose that a permanent and beneficial change of climate may be experienced. The appalling deterioration of large portions of the earth's surface, through the
acts of man in destroying the forests, justifies the trust that the culture
of taller herbage and trees in a region heretofore covered mainly by
short grasses may have a converse eftect. Indeed, in Central Kansas,
nature seems to almost precede settlements by the taller grasses and
herbage.
TREE GROWTH ON THE PLAINS.
The principal native trees on the Plains west of ninety-seventh meridian are:
C01'TONWOOD, (Populus Canadensis and P. Monolijra.)
WALNUT, ( Jq_tglans Nigra.)
ELM, ( Ulm~ts Arnericana.)
AsH, ( Frax·inus Americana.)
Box ELDER, ( Acer Negundo.)
HACKBERRY, (Celtis occidentalis.)
PLUM, ( Prumts Chiekasa.)
RED CEDAI~, (Juniperus Virginiana.)
To these may be added WILLow (Salix) and GRAPE VINES (Vites
ceestivalis;) and also the LocusT (Robinia pseudo-acacia) and WILD
CHERRY (Cerasus Virginiana) mentioned by Abert as occurring on the
Purgatory.
The black walnut extends to the one hundredth meridian; how much
farther I am unable to say. The elm and ash are of similar, perha:ps
greater range. Hackberry has been observed west of one hundred and
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first m ridian. Cottonwood, box-elder, red cedar~ plum, and willow
are persistent to the base of the mountain.
The extensive piue forest (Pinus ponderosa,) on the "gTeat diYide"
south of Denver, although stretching seventy to eightJ' miles t>ast from
the mountains, is not taken into view as belonging to the Plains proper.
Its existence, however, suggests the use of its seeds iu artificial planta..
tions in that region. Settlers in the pinery or its borders would do well
to protect portions of the forest by inclosure, and if possiblr against fire,
as by suitable care the forest could be made perpetuall;y remunerative
and reproductive.
The fossil wood, imbedded in the cretaceous strata in many parts of
the Plains, is left out of consideration, as belonging to a previous, though
recent, geological age; but the single specimens of trees found growing
at wide intervals are silent witnesses to the possibil-ity of extended forest
growth. These living trees suggest at once, by their location, the feasibility of their increase, and the reason of their scarcity. TheJ'- are ~tS'lt
ally found near \rater; and lwnce '""e conclude that in order to grow
trees we must break the ground so deeply as to save aU the rains for
tbeh· use. They are allcays where they are protected 1i·om fires; and
hence we conclude that if we can protect our plantatious from fires we
can grow forests.
Were it possible to break up the surface to a depth of two feet, from
the ninety-seventh meridian to the mountains, and from the thirty-fifth
to the forty-fifth parallel, we should have in a single season a growth of
taller herbage over the entire area, less reflection of the snn'::; heat, more
bumidity in the atmosphere, more constancy in springR, pools, and
streams, more frequent showers, fewer Yiolent storms, aud less caprice
and fury in the \Vinds. A single year would witness a changed vegetation and a new climate. In three years (fires kept out) there would he
young trees in numerous places, and in twenty years there would be fair
young forests.
~or is this view inconsistent with the conclusion of meteorologists
that our prairies and open plains are due to scanty pW'\Cipitation. This
is the cause; uot, hmvever, because the absolute moisture is not enough
to sustain thG growth, but because it is not enough to protect it against
destruction by fires. Throughout the prairies-the ''Illinois region" of
Professor Cooper's campestrian province-wheneYer the fires are checked,
tree growth begins. Given immunity from fires on the Plains, and to a,
great extent, they will clothe themselYes with shrubs and trees, eyen
without a breaking up of the surface.
The limited area which it is in our power to turn up by the plow will
have the same results in kind to follow a breaking of the entire surface,
but less effective than if the operation were univGrsal. Yet a beginning
can be made by the railway company and by individuals. Iu fact, it is
already in progress by settlers, a degree and a half west of ninety-seventll mel'idian. A few acres at intervals across the Plains, or only a few
clumps of trees growing without irrigation, will be a demonstration
more effective than theory.
In this great work the United States ought to lead, either by forests
planted at the cost of the Treasury, or by subsidies to individuals or
companies. It is a work worthy of the age, and of the nation.
The particular trees most suitable for first planting on the Plains, the
modes of culture, the proper succession of species, cannot be treated in
a paper already so extended as this. The feasibility of forest growth
over this great area is, in my estimation, not to be doubted. Tlw details
will be wrought out in due time.
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GRAZING RESOURCES.

The description of the "broad, grassy plains" given in the foregoing
pages attests their capacity to sustain animal life. For cattle, sheep,
horses, and mules they are a natural pasture in summer, with, in many
parts, hay cured standing for winter. The famed pampas, with their
great extremes of wet and urought, c::wnot bear comparison with our
Western Plains. For grazing purposes, the habitable character of our
v-ast traditional " desert" is generally conceded, and hence it need not
be enlarged on here.
IMMIGRATION.

The settlers come singly and in groups, in families and colonies. It
is not a crusade of fanatics, or a raid of :fillibusters, but the measured
march of earnest men and women seeking homes. The extension of
settlements westward from the" frontier," and eastward from the mountains, must go on. Population increases, and lands are needed. lienee
the occupancy of the lands along and near the line of this railway is an
assured fact of the early future. It is an eventuality not created by the
power of this corporation, but growing out of the circumstances of the
nation, and the distribution of our landed resources.
It will seem to many a vast work to spread settlements over the" great
Western Plains." To force such settlements would be a large task; but
no forcing is needed. The facilities prov-ided, the lands available, and
the settlers throng in of themselves. Those who have doubts of the
ev-ent should remember, lst, that permanent settlements have already
reached more than two-fifths the distance from Kansas City to Denver;
2d. that the facilities as well as the necessity for the future extension of
settlements are day by day increasing; 3d, that the difficulties and
hardships of frontier life diminish as means to overcome them are multiplied; 4th, that with a railway in operation the spread of settlements
becomes a problem greatly less difficult than the construction of the
road itself.
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MAMMALS · AND . BIRDS.

...t\. LIST OF MAlVIMALS AND BIRDS COLLECTED IN vVYOl\HNG

TERHITORY, BY MR. H. D. SMITH AND MR. JAMES STEVENSON, DURING THE EXPEDITION OF 1870.
BY JAMES STEVENSON.

As already stated in the early part of this report, the expedition ditl
what was in its power, within the time at its command, to secure as
complete a representation as possible of the vertebrate fauna of the country, and the list of these herewith submitted will show the measure
of success. Although the collection of mammals and birds embraces
no new species, yet it promises to be of value in determining with greater
precision the geographical distribution, and the precise eastern limit of
the western forms, and the western range of the eastern species, the
region explored having been a kind of common or meeting ground of
the two series. We regret that the late <late at which the expedition
was organized made it impossible to collect facts in regard to the nesting and the eggs of any of tho birds, as it is in this branch of their history that most of novelty was to be expected. The immature plumage
of the gray-crowned finch (Leucosticte tephrocotis, Sw.,) was, howe·ver,
ascertained for the first time, and will be hereafter duly described.
As complete a collection of the mammals of the country was obtained
as practicable, and embraces a considerable number of specimens of all
the known Rocky. Mountain forms. Among these may be specially
mentioned the least or Nuttall's hare, a species scarcely more than six
inches in length, and the smallest of all hitherto described; the little
chief hare, allied to the true hares, but without any vestige of the tail,
and the white-tailed prairie dog. This last-mentioned animal made its
appearance after we crossed the divides of the mountains, and, as far as
we know, is entirely peculiar to the region drained by the waters of tho
great interior basin; while the common prairie dog is equally characteristic of the western portions of the valley of the Missouri.
l\fr. C. P. Carrington rendered most efficient aid as a collector in all
departments of natural history, especially in the collection of mammals,
birds, reptiles, fishes, and plants.
MA.l\IMALS.

No. of
specimens.

Canis latrans, Say. Coyote; prairie wolf. ]'ort Bridger.........
Little ermine. Willow Springs, Rock
Creek, and South I)ass. . . . . . . . . . . . . . . . . . . . . . ....... _...... .
llfephitis mephitica. Skm.1k. Black's Fork of Green RiYer ....... .
Tax idea americana, \Yaterh. :Missouri badger. Pacific Springs ..
Sciurtts lwdsonius, Pallas. Red squirrel; chickaree. Pacific Creek ..
Bciwrtts richardsonii, Bach. Richardson's squirrel. Uinta .1.\fountains ........ _..... _................. _............ _........ .
Pteromys alpinus, Richardson. Rocky 1\Ionntain flying squirrel.
Uinta Mountains ....... _............... . .................. __

2

Putorius richa'rdsonii, llp.

·~
t)

3
2

1
7

1
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Tarnias quadrivittatus, Rich. :Missouri striped squirrel. North
Platte, Pacific Springs, Little Sandy, Big Sandy, Green River,
Bitter Creek, Sulphur Springs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Oynomys ludovicianus. Prairie Dog. Camp Reynolds. . . . . . . . . . .
3
Oynomys gunnisonii, Baird. Short-tailed prairie dog. Big Sandy,
Green River, and Fort Bridger...... . . . . . . . . . . . . . . . . . . . . . . . . . 11
Tlwmomys rujescens, Maxim. Fort Union gopher. Rock Creek. . 1
Perognathus jlat'us, Baird. Pouched mouse. Green River. . . . . . . .
1
Hesperomys sonoriensis, Leconte. Sonora mouse. Fort Bridger,
Uinta l\fountains, Green River ............ , . . . . . . . . . . . . . . . . . . .
7
Fiber zibethicus, Cuv. Muskrat. Rock Creek........ . . . . .. . . . . .
5
Erethizon cpixanthus, Brandt. Yellow-haired porcupine. North
Platte, Fort Bridger, and Sulphur Springs. . . . . . . . . . . . . . . . . . . . .
4
Lepus sylvctticus, Bach. Gray rabbit. Fort Bridger, Henry's Fork
of Green River, Bitter Creek~ Pass Creek, and Rock Creek...... 15
Lepus artemisia, Bach. Sage hare. North Platte, Green River,
and Pine Grove.............................................
4
Lepus nuttalii, Bach. Least hare. G-reen River ............... .
Lep~ts townsendii, Bach. Jackass rabbit. Independence Rock, on
Sweetwater ............ ~ ........................ , . . . ...... .
Oervus macrotis, Say. Mule deer. Henry's Fork of Green River
and Red Buttes ..... ·........................................
3
Antilocapra amer·icana, Ord. Prong-horn antelope. North Platte
and Sweetwater. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6
Ovis rnontana, Cuvier. Big Horn mountain sheep. Box Elder....
3
Bison americanus, Gmelin. American buffalo. Independence Rock. .
1
BIRDS.

No.1. Hypotriorchis columbarius, Gr. Pigeon hawk. La Bonte
and Green River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No.2. Falco polyagrus, Cassin. Prairie falcon. Laramie Peak and
Uinta Mountains. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 3. P.innunc~tlus sparverius, Vieill. Sparrow hawk. Bitter Cottonwood and Box Elder ..... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No.4. Accipiter mexicanus, Swains. Blue-backed hawk. Uinta
}fountains. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No.5. Accipiter jusmts, Bonap. Sharp-shinned hawk. Uinta
l\fountains .......... · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No.6. Bu,teo swainsoni, Bonap. Swanson's hawk. Sweetwater
I~iver .......... " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 7. B~tteo calurus, Cassin: Black red-tailed hawk. Uinta Mountains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No.8. Buteo montanus, Nutt. Western red-tailed hawk. Sweetwater and Fort Bridger. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
:No.9. Circus h~tdsonius, Vieill. Marsh hawk. North Platte River
and Uinta Mountains. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 10. Br;·achyot~ts cassinii, Brewer. Short-eared owl. Sweetwater
River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 11. Anthene hypugcca, Bonap. Prairie owl. Camp Reynolds
and Big Sandy River........................................
No. 12. Picus harrisii, Aud. Harris's woodpecker. La Bonte Ureek
and Uinta }fountains. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 13. Picus gairdneri. Gairclner's woodpecker. La Bonte Creek,
Henry's Fork, and Green River. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

6
4
4
1
1
2
1
2
6
2
9
3
3
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No. of
specimens.

No. 14. SphJ;ropicus nuchalis, Baird. Red-breasted woodpecker.
Strawberry Creek and Uinta ·Mountains . _. ___ . __ .. _.. _. _. __ . _
No. 15. Jl[elanerpes erythrocephal'lts, Sw. Red-headed woodpecker.
Bitter Cottonwood and La Bonte Ureek ......... _.... _.. _. __ . _
No. 16. JJ[elanerpes torqua,tus, Bonap. Lewis's woodpecker. Bitter
Cotton wood Creek ................... ___ ...... _. . . . . . __ .. _.
No. 17. Oolaptes ntexicanus, Swains. Red-shafted flicker. La. Bonte
Creek and Fort Bridger ........... ___ . _. . . . . . . . . . . . . . . . . . . . .
No. 18. Oolaptes hybridus, Baird. Hybrid woodpecker. North
Platte and Green River.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 10. Ohonleiles henryi~ Cassin. Western night-hawk. J..J::uamic
Peak and Pacific Springs ........... __ . _... _. _. _. _...... _____
No. 20. Oeryle alcyon, Boie. Belted kingfisher. La Bonte auu
and North Platte River_ ........ _...... _.....................
No. 21. Tyrannus carolinensis,Baird. King-bird; bee-bird. La Bonte
and North Platte ........ _. _.. __ .... _. ___ ... __ . _... __ .... _. __
No. 2.2. T:L;rannus verticalis, Say. Arkansas flycatcher. Camp
Heynolds and La Bonte. __ ... ____ . _...... __ .... _. __ . _.... ___ .
No. 23. Sayornis sayus, Baird. Say's flycatcher. Uamp Reynolds
an<.] Sweetwater River ................. _......... _........ _..
No. 2•1. Gontop'l!.S richardsonii, Baird. Short-legged pewee. Bitter
Cottonwood Creek .................................... _ . . . .
No. 25. Empidonax hamrnondii, Baird. Hammond's flycatcher.
Pacific Springs ......................... _. . . . . . . . . . . . . . . . . . . .
No. 26. Turd us auduboni, Baird. Silent thrnsb. Uinta l\Iountains _
No. 27. Turdus fuscesceus, Stephens. Wilson's thrush. Green
Ri\"CT .. - .. ----. - . . . . . . --. - . . . . - . . . . - . . . . . . . . • . . - . . . . . . -....

6
7
1
4
6
3
3
2

3
.2
2

1
1
1

No. 28. Turdus r;nigratorius, Linn. Robin. Green RiYer au<l Fort
Bridger ............... _............... ·....... __ .... _~ . . . . . . .
4
No. 2D. Salia arctica, Swains. Rocky l\lountain bluebird. Sweetwater, Fort Bridger, Henry's Fork of Green River, and Uinta
l\1ountains _............................... _. _. . . . . . . . . . . . . . . 15
No. 30. Regul~ts calendula, Licht. Ruby-crowned kinglet. Little
Sandy and Green River ................ _ . ................... ·. 1.2
No. 31. Anthus ludovieiamts, Licht. Tit-lark. Henry's Fork of
Green River and Uinta l\Ionntains ....... ~ ... '......... _... __ . .
2
No. 32. Geothlypis trichas, Cab. :Maryland yellow-throat. LaBonte
Creek .............. _............................. _.. __ . . . . .
1
No. 33. Geothlypis macgillivrayi, Baird. l\1acgillivray's warbler.
Box Elder Creek ......................... __ . . . . . .... _. . . . .
1
No. 34. Helmintlwphaga celata, Baird. Orange-crowned warbler.
Fort Bridger. Little Sandy and Green River ......... _. . . . . . . .
3
No. 35. Dendroica aurlnbonii, Baird. Audubon's yellow-rnmpcd
war iller. Green River ..... _................... _. . . . . . . . . . . .
2
No. 36. Dcndroica aestiva, Baird. Yellow warbler. Bitter Cottonwood, La Bonte, Fort Bridger, and Green Hiver. _..... _.......
8
No. 37. llfyiodioctes pusillus, Bom"Lp. Green black-capped flycatcher.
Fort Bridger and Henry's Fork of Green River. . . . . . . . . . . . . . . .
7
2
No. 38. Setophaga ruticilla, Sw. Redstart. La Bonte Creek......
No. 3D. Hirundo lunifrons, Say. Cliff swallow. Camp Reynolds
and Bitter Creek .................................... -.-.-...
4
No. 40. Proguc subis, Baird. Purple martin. Bitter Cottonwood
Creek......................................................
2
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No. 41. Myiadestes townsendii, Cab. Townsend's flycatcher. Green
River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 42. Collyria borealis, Baird. Great northern shrike. Green
River and Rock Creek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 43. Collyria excubitoroides, Baird. White-rumped shrike. La
Donte Creek ..................... , . . . . . . . . . . . . . . . . . . . . . . . . . . .
N ~-. - ~-4. "Vir_eosylvia swainsonii, Baird. Western warbling flycatcher.
v:·cen l~1ver ...................................... _.........
N(>. -.±5. Galeoscoptes carolinensis, Cab. Cat-bird. La Bonte Creek.
No. 46. Oreoscoptes rnontan~ts, mountain mocking-bird. La Bonte
Creek, North Platte, Pacific Creek, Green River, Fort Bridger,
and Henry's Fork of Green River ............ __ . . . . . . . . . . . . . .
No. 47. Harporhynchus longicauda, Baird. Long-tailed thrush. Bitter
Cottonwood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 48. Salpinctus obsoletus, Cab. Rock wren. Sweetwater River.
No. 4D. Troglodytes parlcmannii, .Aud. Parkman's wren. Green
River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 50. Sitta canadensis, Linn. Red-bellied nut-hatch. Green River,
Fort Bridger, Henry's Fork, and Sulphur Springs ............. _
No. 51. Parus septentrionetlis, Harris. Long-tailed chicadee. Bitter
Cottonwood Creek, Fort Bridger, Green Rh~er, and Bitter Creek.
No. 52. Parus nwntanus, Gambel. l\fountain titmouse. Uinta
l\Iountains .............................................. _. _.
No. 53. Psaltr·i parus plurnbeus, Baird. Lead-colored tit. Green
River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No.5±. Erernophilct cormtta,Boie. Sky-lark. North Platte, Henr,y's
Fork of Green RiYer, Uinta Mountains, Green River, Pine Grove,
and Little Laramie ................... _............ _. _... _. __
No. 55. Pinicola canadensis, Cab. Rine grosbeak. Uinta Mountajns. ·
No. 56. Chrysmnitris t1·ist-is, Bonap. Yellow-bird. Green River....
No. 57. O~trvi~·ostrct mexicana, Strick. Mexican cross-bill. Bitter
Cottonwood, La Bonte, and Green River ............... __ .. ___
No. 58. C~crvirostra leucoptera, vVils. "\Vhite-winged cross-bill. Box
Elder Creek ............ _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 59. Aegioth~ts l·inaria, Cab. Lesser red poll. Camp Reynolds,
Green River, Rock Creek, Sulphur Springs, and Laramie River.
No. 60. Le~wosticte tephrocotis, Sw. Gray-crowned finch. Uinta
])fountains .................. -..... . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 61. Plectrophanes rnaccownii, Lawr. Maccown's long-spur. Camp
Reynolds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 62. Passermtl~ts alaudinus, Bonap. Lark sparrow. Bitter Cottonwood Creek, St,r awberryCreek, Green River, and Big Sandy.
No. 63. Pooecetes gram.ineus, Baird. Grass finch. Bitter Cottonwood, Pacific Springs, Big Sandy, Little Sandy, Fort Bridger,
and Uinta l\iountains. . . . . . . . . . . . . . . . . . . . . . . . .... _....... _.
No. 64. Olwndestes gramnnaca, Bonap. Lark finch. Bitter Cottonwood Cre-ek . _................................ .. .......... _. . . .
No. 65. Zonotrichia leucophrys, Sw. White-crowned spm~row. Pacific
Springs, Green River, and Fort Bridger .. ·........ . . . . . . . . . . . . .
No. G6. Zonotrihia gambelii, Gambel. Gam bel's finch. "Fort Bridger,
Henry's Fork of Green River, Uinta :Mountains, and Rock Creek.
No. 67. Junco oregon~ts, Sclat. Oregon snow-bird. Henry's Fork of
Green River, Green River, and Rock Creek. . . . . . . . . . . . . . . . . . . .

3
3
2
1
2
10
1
1
2
5
11
2
3
42
1
5
3
1
12
1
1
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No. G8. Poospiza belli, Sclat. Bell's finch. Henry's Fork of Green
River, Green River, and Rock Creek. . . . . . . . . . . . . . . . . . . . . . . . . .
No. 69. Spizella mont-icola, Baird. Tree sparrow. Green River,
Henry's Fork, and Rock Creek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 70. Spizella socialis, Bonap. Chipping sparrow. Little Sandy
and Green River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 71. Spizella brmcerii, Cass. Brewer's sparrow. Little Sandy
and Green River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 72. ]felospiza fallax, Baird. Mountain song sparrow. Green
River and Henry's Fork of Green River. . . . . . . . . . . . . . . . . . . . . . .
No. 73. Melospiza linconii, Baird. Lincoln's finch. Head of Henry's
Fork and Green River. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 74. Calanwspiza bicolor, Bonap. Lark hunting. Camp Reynolds and Bitter Cottonwood Creek...........................
No. 75. Pipilo arcticus, Sw. Arctic tower. Fort Sanders . . . . . . . .
No. 7G. Pipilo chlorura, Baird. Green-tailed finch. Little Sandy
and Green River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 77. lrfolothrus pecoris, Sw. Cow-bird. La Bonte Creek........
No. 78. Agelaius phmniceus, Vieill. Red-winged blackbird. Camp
Stevenson, on Henry's Fork of Green River...................
No. 79. Xanthocephalus icteroceplwlus. Yellow-headed blackbird.
Green River ................. .- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 80. Sturnella neglecta, And. Western lark. Camp Reynolds,
Fort Fetterman, ]'ort Bridger, and Green River . . . . . . . . . . . . . . .
No. 81 Scolecophagus cyanocephalus. Brewer's blackbird. Camp Reynolds, Fort Fetterman, and Sweetwater........... ....... . . . . . .
No. 82. Gormts carnivorus, Bartram. American raven. Camp Reynolds .......................... :. . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 83. Gormt.s americanus, And. Uommon crow. La Bonte Creek.
No. 8±. Picicormts columbianus. Clark's crow. Pacific Springs and
Pacific Creek . . . . . . . . . . . . . ................ _. . . . . . . . . . . . . . . .
No. 85. Pica hudsonica, Bonap. Magpie. Camp Reynolds, North
Platte River, Sweetwater River, Green River, and Fort Bridger.
No. 86. Cyanura macrolopha, Baird. Long-crested jay. Green
River ................................................ - . . . . .
No. 87. Gyanocitta Woodhou.sei, Baird. Woodhouse's jay. Green
River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 88. Perisoreus canadensis, Bonap. Canada jay. Henry's Fork
and Green River.................................. . .........
No. 89. Zenaidura ca.rolinensis, Bonap. Common dove. Fort
Bridger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. UO. Tetrao-obscurus, Say. Dusky grouse. Uinta 1\l:ountains..
No. Ul. Gentrocercus urophasianus, Sw. Sage cock. Sweetwater,
Green River, and Plains ........................ _........... .
No. 92. Pediocmtes colu/mbianus, (Ord.) Elliot. Sharp-tailed gremse.
La Bonte Creek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. U3. Bonasa urnbclloides, Baird. Gray mountain grouse. Camp
Jackson, Uinta ]\fountains...................................
No. U4. Lagopus leucur·us, Swains. White-tailed ptarmigan. Burthoud's Pass, Rocky l\fountains. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
No. 95. Botaurus lentiginoszts, Stephens. Bittern; stake driver.
Camp Leidy, on Sweetwater River............................
No. 96. Charadrius virginicus, Borck. Golden plover. Camp Dawes,
on Roclr Creek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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No. 97. Aegialitis vociferus, Cassin. Kill-deer. Camp Reynolds..
7
No. 98. Recurvirostra americana, Gm. American avoset. Camp
Baird, on North Platte River. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 1
No. 99. Phalaropus wilsonii, Sab. . Wilson's phalarope. Camp
Reynolds ..... - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
No. 100. Phalaropus hyperboreus, Temm. Northern phalarope. Big
Sandy River................................ . . . . . . . . . . . . . . . .
1
No. 101. Ga-Zlinago wilsonii, Bonap. English snipe. Fort Sanders.
1
No. 102. Actodrom~ts rninutilla, Cones. Least sandpiper. Camp
Baird, on North Platte, and Little Sandy ..................... : 2
No. 103. Actodromus bairdii, Cones. Baird's sandpiper. North
Platte and Little Sandy. . . . . . . . . .. . . . . .. . .. .. . . . . . . . . . . . . . . . .
3
No.104. Ereunetespusillus, Cones. Semi-palmated sandpiper. North
Platte River. . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1
No. 105. Micropalcwna himantop'lts, Baird. Stilt sandpiper. Fort
Bridger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1
No. 106. Garnbetta rnelanoleuca, Bonap. Tell-tale; stone snipe.
Camp Reynolds and Fort Fetterman. . . . . • . . . . . . . . . . . . . . . . . . . . 14
No. 107. Garnbetta flavipes, Bonap. Yellow legs. Camp Reynolds
and Camp Logan, near Church Buttes . . . . . . . . . . . . . . . . . . . . . . . .
8
No. 108. Rhyacophilus solitarius, Bonap. Solitary sandpiper. Camp
Reynolds and Fort Fetterman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6
No. 109. Tringoides rnacularius, Gray. Spotted sandpiper. Fort
Fetterman and Camp Gifford, on Sweetwater River. . . . . . . . . . . . 3
No 110. Fulica americana, Gmelin. Coot. Camp Baird, on North
Platte River. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1
No. 111. Bernicla canadensis, Boie. Canada goose. Camp Gifford,
on Sweetwater River.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2
No. 112. Anas boscha.s, Linn. Mallard. North Platte River and
Sweetwater ............................ -........ . . . . . . . . . . . . .
7
1
No. 113. Dajila acuta, Jenyns. Sprig-tail pin-tail. Rock Creek....
No. 114. Nettion carolinensis, Baird. Green-winged teal. Green
River and Fort Sanders...................................... 13
No. 115. Querquedula cyanoptera, Cassin.
Red-breasted teal.
Sweetwater and North Platte ............. _..................
4
No. 116. Spatula clypeata, Boie. Shoveler. Sweetwater and Fort
Bridger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3
No. 117. Mareca americana, Stevens. Bald·pate. Pass Creek......
1
2
No. 118. Pulix collaris, Baird. Ring-necked duck. Green River..
No. 119. Bucepha.la albeola, Baird. Butter-ball. Fort Sanders.... · 1
No. 120. Erisrnatura rubida, Bonap. Ruddy duck. Pacific Creek.
1
No. 121. Mergus arnericanus, Cass. Shelldrake. Sweetwater River
and Fort Bridger. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3
No. 122. Lophodytes cumtllatus, .Reich. Hooded merganser. Green
River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1
No. 124. Podiceps calijornicus, Heerman. California grebe. North
Platte River. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
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!I.-REPORT ON MOLLUSCA.
BY S.

R. ROBERTS,

R ncorder Oonchological Section, Academy Natural Sciences, Philadelphia.

The following list comprises the mollusca collected by Professor F. V.
llayden while engaged in the various geological surveys made under
direction of the Department of the Interior. An examination of this
list will show that most of the species named are common not only to
the districts watered by the Ohio and Mississippi Rivers, but also to
many other sections of the North and East, thus showing a widespread
distribution of nearly all the species which are ::tbundant in the more
eastern portions of the United States. This is the more curious, particularly among the fluviatile mollusks of the Upper l\iissouri, for there
the rivers belong to a different system of drainage.
Of the land shells the species Hel,i x ha.ydeni, Binney, which was collected in large numbers at Weber Canon, Utah, is interesting from the
fact that it belongs to an entirely different sub-genus from any previously
known to this country, it being very closely allied to the Madeira genus,
Tectula., Lowe.
Dr. Hayden collected more than fifty specimens of different ages, all
of which were somewhat bleached.
This species was found associated with Helix cooperi, Binney, many
specimens of the latter being also obtained.
At Falls City, Nebraska, a small shell was found near the size of Helix
bucculenta, Gould, but with a closed umbilicus. It is probably a small
variety of H. albolabris, Say, and has been so labeled in the collection,
of the Philadelphia Academy of Natural Sciences, where the specimens
are deposited.
Among the fresh-water shells only one species of the family Vivipa/l·idm, the Melantha integra, Say, has been noticed. This was collected in
the Big Sioux River, Nebraska.
Pmnatiopsis lapidaria, Say, belonging to the Amnicolidcc, was found
at Fort Berthold, inNebraska. This is the most western locality known
for the species.
In addition to the number of species belonging to the family Unionidcc,
common to the Northern and Western States, there will be noticed three
southern species which were collected at Falls City, Nebraska. These
are Unio nigm···rirnus, Lea, U. Rutersvillensis, Lea, both belonging to the
Texan fauna, and the Unio JJfississippiensis, Conrad, which was described
from specimens obtained in Mississippi. Unio Topekccnsis, Lea, a Kansas
species, was also found here, while at Nebraska City a perfect valve
of Unio pressus, Lea, was obtained. This species belongs to the great
lakes, sometimes occurring as far east as the Erie Canal, New York.
The fact of there being no Melanians in the list confirms the statement made by George W. Tryon, jr., in his monograph of the Strepomcttidm (in the Amer. Jour. Oonch., vol. 1, p. 125,) that these shells do nr,t
occur west of the Mississippi River, except in the rivers of the Pacific·
States.
The list of species is not as complete as might have been expected,
but future explorations will no doubt bring to notice many additionaL
forms which are to be found in more eastern localities.
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LAND SHELLS.
HELICIDJE.

HELICIDJE-Oontinued.

Helix alternata, Say.
albolabris, Say.
albolabris, var. ¥
concava, Say.
costata, Miill.
chersina, Say.
cooperi, W. G. B.
elevata, Say.
electrina, Gould.
fuliginosa, Binn."
fallax, Say.
haydeni, W. G. B.
hirsuta, Say. ·
inflecta, Say.
indentata, Say.
ligera, Say.
lineata, Say.
minuscula, Binn.
minuta, Say.
monodon, Rack~
multilineata, Say.
profunda, Say.

Helix solitaria, Say.
striatella, Anth.
thyroides, Say.
tridentata, Say.
PUPA.DJE.
Pupa armifera, Say.
badia, Adams.
blandi, W. G. B.
modesta, Say.
pentodon, Say.
Zua subcylindracea, Chern.
SUCCINIDJE.
Succinea avara, Say.
haydeni, W. G. B.
lineata, W. G. B.
nuttalliana, ~Lea.
obliqua, Say.
vermeta, Say.

FRESH-WATER SHELLS.
Univalves.

VIVIPA.RIDJE.
:Melantho integra, Say.

LYMNJEA.DJE-Oontinued.
Lymnea reflexa, Say.
umbrosa, Say.

A.JYINICOLIDJE.
PHYSA.DJE .
.Amnicola porata, Say.
cincinnatiensis, Anth.
_Pomatiopsis la.pidaria, Say.
L YMNJEA.DJE.

Lymnea desidiosa, Say.
elodes, Say.
haydeni, Lea.
h umilis, Lea.
kirtlandiana, Lea.
palustris, Miill.

Physa heterostropha, Say.
Bulinus hypnorum, Linn.
PLA.NORBIDJE.
Planorbis bicarinatus, Say.
trivolvis, Say,
companulatus, Say.
parvus, Say.
lentus, Say.
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Bivalves.
UNIONID1E.

UNIONID1E-Continued.

Unio anodontoides, Lea.
alatus, Say.
asperrimus, Say.
elegans, Lea.
gibbosus, Barnes.
latecostatus, Lea.
lrevissimus, Lea.
luteolus, Lam.
mississippiensis, Conrad.
nigerrimus, Lea.
parvus, Barnes.
pressus, Lea.
rectus, Lam.
rubiginosus, Lea.

U nio rutersvillensis, Lea.
topekrensis, Lea.
ventricosus, Barnes.
zig-zag, Lea.
Margaritana complanata, Say.
Anodonta footiana, Lea.
ferussach1na, Lea.
undulata, Say.
CORBICULAD1E.
Sphrerium sulcatum, Lam.
striatinum, ~Lam.
Pisidium abditnm, ~ Hald.

III.-COLEOP'rERA.
A LIST OF COLEOPTERA COLLECTED BY C. THOl\fAS, IN
EASTERN COLORADO AND NORTHEASTERNNEW:l\1EXIOO,
DURING THE SURVEY OF 1869.
BY DR. G. H. HORN.
Oicindela formosa, Say.
obsoleta, Say.
pulchra, Say.
vulgaris, Say.
repanda, Dqj.
punctulata, Fabr.
N ebria bivittata.
Calosoma luxatum, Say.
Carabus serratus, Say.
Pasimachus elongatus, Lee.
validus, Lee.
Lebia viridis, Say.
Platynus extensicollis, Lee.
Pterostichus protractus, Lee.
Amara obesa, Say.
Oratognathus setosus, Lee.
Chlrenius sericeus, Say.
N othopus zabroides, Lee.
Cratacanthus dubius, Lee.
Harpalus caligiuosus, Say.
pennsylvanicus, Lee.
compar, Lee.
obesulus.
amputatus, Say.
Hydrophilus triangularis, Say.
Necrophorus hecate.
marginatus, Fabr.

Eleodes fusiformis.
extricata.
Embaphion planum.
Corphyra collaris.
l\fordellistena remula.
Meloe sublrevis.
Epicauta corvina.
macu1ata.
ferruginea.
Lytta sphrericollis.
nuttallii.
viridann,.
N emognatha lutea.
ErotyIus Boisduvalii.
Sphenophorus. ~
Baridius.
~
Lepyrus colon.
Rhynchites bicolor.
Prionus californicus.
Parandra ferruginea.
Crosidius discordeus.
Criocephalus productus.
Asenum atuem.
Tetropium cinnamopterum.
l\Ionei1ema annulatnm.
Monohammus scutellaris.
Acmeops strig1ata.

•
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Silpha ramosa, Say.
lapponica, Herbst.
Phalacrus pencillatus, Say.
Carpophilus pallipes.
Dermestes marmoratus, Say.
Cauthon lawis, Drury.
praticola, Lee.
Phanmus carnifex, McLeay.
Serica vespertina, Lee.
Tostegoptera lanceolata.
Polyphylla 10-lineata, Say.
Euryomia kernii, Lee.
' Melanophila longipes, Gory.
drummondii, Lac.
Monocrepidius auritus, Germ.
Photinus ingricans, Lac.
Uhauliognathus basalis, Lee.
Collops 4-maculatus, Er.
tricolor, Say.
Trichodes ornatus, Say.
Hydnocera subunca, Spin.
Epitrayus canaliculatus, Say.
Pelecyphorus serratus, Sec.
sordidus, Lee.
Asida opaca, Say.
convexa, Lee.
Eusattus convexus, Lee.
Coniontis obesa.
Eleodes tricosta.
carbonaria.
hispilabris.
obscura.
suturalis.
longicollis.
obsoleta.

Galeruca americana.
extern a.
Diabrotica vittata.
trieineta.
Doryphora 10-lineata.
Graptodera bimarginata.
Disonycha alternata.
collaris.
Blepharida rhois.
Chrysomela exclamationis.
verrucosa.
punctipunctata.
flavomarginata.
adonidis.
Ohrysochus auratus.
Ooscinoptera axillaris.
franciscana.
Pachybrachis atbomus.
Oryptocepbalus viduatus.
4-guttatus.
vitticollis.
confluens.
Hippodamia Lecontii.
5-signata.
convergens.
Ooccinella transYersoguttata.
9-notata.
monticola.
Brachyacantba ursina.
Dendroctom us tenebrionoides.
Anisosticta vittigera.
Monaxia debilis.
Raphidopalpus atripennes.
Typocerm; sumatrus.
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IV.-HEMIPTERA.
A LIST OF HEMIPTERA COLLECTED IN EASTERN COLORADO AND NORTHEASTERN NEW :MEXICO BY C.
THOl\IAS, DURING THE EXPEDITION OF 1869.
'
BY

P. R.

UHLER,

ESQ.

HETEROPTERA.
CORIMEL1ENID1E.

Corimelama nitiduloides, Wolff.
P .A.CHYCORID1E.

Homremus bijugis, Uhl.
HALYDID1E.

Brochymena annulata, Fab.
PENT.A.TO:MID1E.

Perillus claudus, Say.
exaptus, Say.
Neottiglossa undata, Say.
Euschistus punctipes, Say.
1\'Iurgantia histrionica, Hahn.
Pentatoma custator, Fab.
graminicolor, Uhl.
Cimex platycbilus, Uhl.
COREID1E.

Piezogaster alternatus, Say.
Merocoris distinctus, Dallas.
Dasycoris pilicornis, H. Schf.
Margus inconspicuus, Ubl.
Catorhintba guttula, Fab.
N eides decurvatus, Uhl.
Alydus ater, Dallas.
Protenor Belfragei, Hagl.
Leptocoris trivittatus, Say.
Harmostes reflexulus, Sav.
Corizus borealis, Uhl.
..
viridicatus, Ubi.
lateralis, Say.
LYG1EIDJE.

Lygreus reclivatus, Say.
circm.plitus, Stal.
admirabilis, Ubi.
N ysius californicus, Stal.
angm;tatus, Uhl.
Ophtbalmicus piceus, Say.
Pamera fallax, Say.
Cym bogaster dift'usus, Uhl.
Araphe carolina, H. Schf.

L.A.RGID1E.

Largus succinctus, Fab.
PHYTOCORID1"E.

Miris uebilis, Ubi.
ru:ficornis, H. Schf.
rubicundus, Uhl.
Calocoris rapidus, Say.
Restbenia eremicola, UhJ.
confraterna, Uhl.
Lopidea media, Say.
Lygus annexus, Uhl.
diffusus, Uhl.
redimitus, Ubi.
Phytocoris, nov. sp.
Oncotylus militaris, Ubi.
Cyllecoris, nov. sp.
Dacota hesperia, Uhl.
Capsus delicatulus, Uhl.
nov. sp.
Stiphrosoma stygica, Say.
Labops hesperius, Uhl.
Stictocephalus inermis, Uhl.
Rhopalotomus pacificus, Uhl.
Chara.gochilus venaticus, Ubi.
Tinicephalus simplex, Uhl.
Phylus angustatus, Uhl.
AR.A.DIDJE.

.Aradus rectus, Say.
PHYM.A.TIDJ.E:.

Phymata erosa, Fab.
REJ)UVIDJE.

Nabis inscriptus, Kirby.
subcoleoptratus, Kirby.
Sinea multispinosa, Geer.
Herega spissipes, Say.
Diplodus luri<lus, Stal.
HYDROl\IETRJE.

Hygrotrechus remigis, Say.
NEPJE.

N epa 4-dentata, Stal.
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HOMOPTERA.
MEMBRACIDJE.

FULGORIDJE.

Ceresa diceros, Say~
Smilia, nov. sp.
Entilia mo<lesta, Uhl.

Scolops sulcipes, .Say.
hesperius, Uhl.
CJXIIDJE.

I
•

I

l

CERCOPIDJE.

Cixius stigmatus, Say.
Bruchomorpha ocellata, N ewm.
CICADJE.

Cicada dorsata, Say.
canicularis, Harris.
hesperia, Uhl.
synodica, Say.

Aphrophora permutata, Uhl.
quadrangularis, Say.
Ptyelus lineatusJ Fab.

I

TETTIGONIDJE.

Gypona reverta, Uhl.
Proconia costalis, Fab.
Helochara communis, Fab.

V.-CATALOGUE OF PLANTS.
BY THOMAS C. PORTER,

Lafayette College, Easton, Pennsylvania.
This catalogue embraces the plants collected in Wyoming Territory,
by Dr. :F. V. Hayden, during the geological survey of 1870-at Camp
Carlin, from July 25 to 30, on the route from Fort D. A. Russell, via
Fort Fetterman, Sweetwater, South Pass, Wind River Mountains, and
Green Rivr-r, to Fort Bridger, from August 1 to September 13; in the
Uinta Mountains, south of Henry's Fork of Green River, in the latter
half of September, and on Henry's Fork, in the month of October. To
these are added his collection in the North Park, Colorado Territory,
August, 1868, and another, made by Mr. B. H. Smith, in the region
around the city of Denver, during the summer of 1869.
RANUNCULA.CEJE.

Atragene alpina, L. (A. Ochotensis, Pallas.)-Mountains near Denver
Clematis ligusticijolia,, Nutt.~ountains near Denver, Colorado Territory ; August to September.
Anemone multijida, DC.-Mountains near Denver; Uinta Mountains.
Anemone Pennsylvanica, L.-Fossil beds near Denver.
Anemone patens, L., var. Nuttalliana, Gray.-Denver.
Thalictrum sparsi.fiorum., Turcz.-Mountains near Denver ; Uinta
Mountains. In fruit.
Ranunculus divaricat~ts, Schrank.-Denver.
Ranunculus Oymbalaria, Pursh.-Denver, Colorado Territory; August
to September.
Ranunculus ajjinis, R. Br.-Near Denver.
Ranunculus sceleratus, L.-Denver.
Ranuncnhts Pennsylvanimts, L.-Near Denver.
Ranunculus repens, L.-Near Denver.
Aquilegia cmrulea, Torr.-Uinta Mountains. In fruit .
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Trollius laxus, Salish--Wyoming Territory; August to September.
In fruit.
JJelphin·ium azureum, Michx.-Denver; Camp Carlin, Wyoming Territory.
Delphinium elatum, L.-Mountains near Denver.
PAP A VERAOEJ'E.

Argemone Mexioana., L.-Denver; Camp Carlin, Wyoming Territory.
FU:iYLA.RI.AOEJ'E.

Corydalis

a~wea,

Willd.-Near Denver.
ORUCIFERJ'E.

l.~asturtiU1n sinuat~on,

Nutt.-Near Denver.
Nastu-rtium obt~t~mm, Nutt.-Henry's Fork of Green River.
Arabis lyrata, L.-N ear Denver.
At·abis hirsuta, 8cop.-Near Denver.
Streptanthus linearifoli'lts, Gray.-Camp Carlin, Wyoming Territory.
Oat·damine pctuoisecta, Benth.-Henry's Fork of Green River.
Et·ysimutn aspenon, DC.-Denver.
])·raba a~t-rea, Vahl.-Ncar Denver.
JJraba nivalis, Willd.-(D. ntpestris, R. Br., var. "silioulis glabris,"
Hook. Fl. Bor. Am., 1, p. 53.)-Uinta 1\-Iountains.
Vesica-ria Ludovioiana, DC.-Near Denver.
Physaria didyrnooarpa, Gray.-Near Denver.
Lepidi'ltm ruderale, L.-Gray, Pl. Wright, 2, p. 15.-Denver.
Ley_Jidimn sativun!, L.-Near Denver. Probably introduced.
Thlaspi Fendle-ri, Gray.-Uinta 1\Iountains, Wyoming Territory.
OAPP.A.RID.AOEJ'E.

Oleome integrifolia, Torr. and Gray.-Denver; Camp Carlin, \-Vyoming Territory.
Polanisia traohyspenna, Gray.-Wyoming Territory; August to September.
O.ARYOPHYLL.AOEJE.

Silenc acaulis, L.-Mountains near Denver.
Lyohnis apetala, J.J., var. pa.uoijtora, DC.-Uinta Mountains.
A1·enaria congesta, Torr. and Gray.-North Park, Colorado Territory:;
Uinta 1\Iountains, Wyoming Territory.
·
Arenaria Fendleri, Gray, (Pl. Fendler:, p. 13).-Denver.
A ·rcnaria arotioa, Steveuson.-Mountains near Denver; Uinta 1\Iountains.
Arenaria Rossii, R. Br.-Henry's Fork of Green River.
Armwria vernct, L. ~-Uinta Mountains, Wyoming Territory. In fruit
only, with old capsules which have shed their seed.
Stellaria borealis, Bigelow.-Henry's Fork of Green River.
Oerastium arvense, L.-Near Denver.
Paronychia sessiliflora, Nutt.-Camp Carlin, \\.,.yoming Territory.
Paronychia Jamesii, Torr. and Gray.-Near Denver.
l\1ALV.AOEJE:

lllalvastrv/m coocineu.m, Gray.-Denver; Camp Carlin, Wyoming Territory.
Sidalcea malvmflora, Gray.-N orth Park, Colorado Territory; Uinta
}fountains.
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Sphceralcea a.cerifolia, N utt. (Malva rivularis, Dougl. )-vVyoming Territory; August to September.
LINACEJE.

Linum perenne, L.-North Park, Colorado Territory; Uinta Mountains.
Linum l{ingii, Watson ined. (in Clarence King's Report,) var. sedoides. Uinta Mountains, September 25, 1870. Very glabrous, low, much
branched from the base; the short, angled stems 4 to 6 inches high;
leaves numerous, 3 to 4 lines in length, pale green, linear-oblong, obtuse,
thickish and crowded, especially on the younger stems, giving the plant
the aspect of a Sedum. Stipular glands conspicuous, persistent. Panicles cont.racted, corymbose; sepals broadly ovate,, glandular-ciliate,
shorter than the globose 10-valved capsule. Styles 5, distinct. Capsules about 1~ lines in diameter, the secondary dissepiments incomplete
and fibrous-pilose on the margin. In fruit only, but a flowering specimen of Watson's plant has golden-yellow oboYate petals, half an inch
in length.
GERANIACEJE.

Geranium Frbnontii, Torr.-Denver; Camp Carlin, Wyoming Territorv.
Geranium Richardsonii, Fisch. and Meyer.-'Vyoming Territory; August to September. In fruit.
OXALIDACEJE.

Oxalis stricta, L.-Near Den-ver.
VITACE.lE.

Vi tis riparia, Michx.-vVyoming Territory ; August to September.
In fruit.
RHAMNACE.lE.

Oeanothtts ova,lis, Bigelow.-Near Den-ver.
Oea,nothus velutintts, Dougl., var. lre'l)igatus, Torr. and Gr.,
1, p. 686.-Henry's Fork of Green River.

In. N . .Am.,

CELASTRACEJE.

Pachystima Myrsi·nitis, Raf.-Henry's Fork of Green River.
ACERACE.lE.

Acer glabrum, Torr.-Denver; Henry's Fork of Green River.
Negunclo acero,ides, Manch.-Near Den-ver.
LEGUMINOSJE.

Lttpinus ornatus, Dougl.-Near Denver.
Lupin us parviflorus, N utt.-Uinta Mountains.
Lupinus pusillus, Pursh.-Near Denver.
Lttpings decumbens, Torr.-Wyoming Territory; August to September.
Trifolium Parryi, Gray.-Uinta 1\lountains, w ·yoming Territory.
Psoralea.fioribunda, Nutt.-Denver.
Psorctlea lctnceolata, Pursh.-N ear Denver.
Petalostemon violaceus, Michx.-Near Denver.
Petalostemon candidus, J\iichx.-Wyoming Territory; .August to September.
Hosackia Purshiana, Benth.-North Park, Colorado Territory.
Astragc£lus Hypoglottis, L.-Camp Carlin, Wyoming Territory.
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Astragalus adsurgens, Nutt.-Wyoming Territory; August to September.
Astragaltts jlexuosus, Dougl.-Near Denver.
Astragalus Kentrophyta, Gray.-Near Denver.
Oxytropis Lamberti, Pursh.-Near Denver.
Oxytropis dejlexa, DC.-Wyoming Territory; August to September.
Glycyrrhiza lepidota, Nutt.-Henr;y's Fork of Green River.
Vicia Americana, Muhl.-NearDenver.
Lathyrus palustris, L.-Henry's Fork of Green River.
Lathyr~ts linearis, Nutt..-Near DenYer.
Sophora sericea, Nutt.-Near DenYer.
Thermopsis rhombifolia, Nntt.-Near Denver.
Thermopsisfabacec~, Hook., var. montanct, Gray.-Wyoming Territory;
August to September.
ROSACEJE.

Prunus Virginiana, L.-Near DenYer.
Spircea opulifolia, L.-Near DenYer.
Spircea dumosa, Nutt.-Tnrkey Creek, Colorado Territory; Wyoming
Territory ; August to September.
Spircea cccspit:osa, Nutt.-Henry's Fork of Green River.
Cercocarpus parv{folius, Nutt.-Near Denyer.
Geurn Rossii, Seringe, var. B. Torr. and Gr.-Uinta Mountains.
Geum trijlorum, Pursh.-DenYer; North Park, Colorado Territory.
Sibbaldia procumbM·s, L.-Uinta 1\Iountains.
lvesia Gm·doni, Torr. and Gray; Gray in Proc. Am. Acad., G, p. 530.Uinta Mountains, September 25, 1870.-Diffcrs from the t,ypical form
in having a single carpel! The small spatulate petals appear white,
but are probably faded.
Potentilla Norvegica, L.-DeilYer; Camp Carlin, Wyoming Territory.
Potentilla fastigiata, Nutt.-Wyoming Territory; August to September.
Potentilla nivea, L.-Denver; Uinta 1\Iountains.
Potentilla Pennsylvanica, L., var. Hippiana, Torr. and Gr.-Denver.
Potentilla arguta, Pursh.-Wyoming Territory; August to September.
Potentilla Anserina, L.-Henry's Fork of Green River.
Potentilla fruticosa, L.-Denver; North Park ; Uinta Mountains.
Rub~ts strigos~ts, Michx.-Wyoming Territory; August to September.
Rosa gymnocarpa, Nutt.-Henry's Fork of Green River. In fruit.
Rosa.blanda, Ait.-Denver; Wyoming Territory; August to September.
Pyrus sambucifolia, Ch. and Schl.-Henry's Fork of Green River. In
fruit.
SAXIFRAGACEJE.

Jamesia Amer·icanct, Torr. & Gray.-Denver; North Park, Colorado
Territory.
Saxijraga bronchialis, L.-Mountains near Denver.
Heuchera bracteata, Seringe.-Fall River, Colorado Territory; B. H.
Smith.
He~whcra parvifolia, Nutt.-Fall River, Colorado Territory; B. H.
Smith.
CRASSULACEJE.
Sed~tm stenopctalum, Pursb.-Fall River, Colorado Territory; Uinta
:r.Iountains.
·
Sedum rhodanthU1n, Gray.-Uinta .'Mountains.
SedU1n Rlwcliola, DC.-1\Iountains near Denver.
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ONAGRACEJE.

Gaur a parvijlora, Dougl.-Near Denver.
Gaura coccinea, Nutt.-Near Denver.
Epilobiunt augustifoUum, L. Denver ; Uinta Mountains.
Epilob,i umpa.n iculatum, Nutt.-Near Denver.
EpUobium colorat~wn, 1\lubl.-Denver; Wyoming Territory; August to
September.
lEnothera biennis, L.-Denver; Wyoming Territory; August to Sep-tember.
lEnotherc(; pinnatijida, Nutt.-Near Denver.
lEnothera coronop~folia, Torr. and Gray.-Near Denver.
lEnothent albicaulis, Nutt.-Denver; Camp Carlin, Wyoming Territory.
lEnothent crespitosa, Nutt.-North Park, Colorado Territory.
lEnotherct serrulata, Nutt.-Denver; Wyoming Territory; August to
September.
LOASACEJE.

JJ[entzelia ornata, Torr. and Gray.-Wyoming Territory; August to
September.
Mentzelict n~tda, Torr. and Gray.-Denver; Camp Carlin, Wyoming
Territory.
UMBELLIFERJE.

A 'rchangelica Gmelini, DC.-Uinta Mountains.
Oicutct maculctta, L.-\Vyoming Territory; August to September.
Carum GLtirdneri, Gray. Proc. Am. Acad., 7, p. 344. (Edosmia Gairdneri, Torr. & Gr., Fl. N. Am., 1, p. 612.)-Uinta Mountains; Wyornil:lg
Territory; August to September.
CORNACEJE.

Oornus stolonifera, Michx~-Denver; Henry's Fork of Green River.
C.A.PRIFOLIACEJE.
Symphoricarp~ts

occidentalis, R. Br.-:-Denver; Henry's Fork of Green

River.
Lonicera involucrata, Banks.-Henry's Fork of Green River.
RUBIACEJE.

Galium boreale, L.-Denver; Uinta Mountains . .
VALERI.A.NACEJE.

Valeriana dioica, L., var. sylvatica, .. Richards.-Denver.
Valeriana edulis, Nutt.-Uinta Mountains.
COMPOSITJE.

Liatris punctata, Hook-North Park, Colorado Territory; Wyoming
Territory.
Brickellia grandijlora, Nutt.-Near Denver.
Machceranthera tanacetifolia, N ees.-Denver.
Aster fa.lcatus, Lindl.-North Park, Colorado Territory; 1868.
Aster er·icoides, L.-Near Denver.
Aster lcevis, L.-Wyoming Territory; August to September.
Aster adscendens, Lindl., var. ciliatifolius, Torr. and Gray.-Camp Carlin, Wyoming Territory; Henry's Fork of Green River.
~ster-rnultijlorus, Ait.-North Fork, ColoradoTel'ritory; Henry's Fork
of Green River.
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Aster Fendleri, Gray.-Uinta 1\.'(ountains, Wyoming Territory.
Aster glaucus, Torr. and Gray.-Uinta :l\Iountains, Wyoming Territory.
Aster sals~tginosus, Richards.-Uinta Mountains.
Aster glacialis, Nutt.-Uinta 1\'Iountains.
Aster angustus, Torr. and Gray.-Uinta .Mountains.
Erigeron cornposit~trn, Pursh.-Near Denver.
Er·igeron divergens, Torr. and Gray.-Denver.
Erigeron glabellurn, Nutt.-.1\:Iountains near Denver.
Erigeron Oanadense, L.-Den ver.
Solidago Virga-a~trea, L., var. m~tltiradiata, Torr. and Gray.
Solidugo rigida, L.-Denver; Wyoming Territory.
Solidago menwralis, Ait., var.-Denver.
Solidago Canadensis, L., var. Scabro., Torr. and Gray.-Camp Carlin;
Henry's Fork of Green River.
Solidago gigantea, Ait.-Near DenYer.
Gutierrezia Euthamiw, Torr. and Gray.-Near Denver.
Li1wsyris graveolens, Torr. and Gray.-North Park, Colorado Territory; Henry's Fork of Green River, Wyoming Territory.
Linosyris viscidiflora, IIook.-Denver; North Park, Uolorado Territory;
Wyoming Territory; August to September.
Linosyris lanceolata, Torr. and Gray.-North Park, Colorado Territory.
Aplopappus spinulosus, DC.-Denver; N ortb Park, Colorado Territory.
Aplopappus Parryi, Gray.-Mountains near Denver.
Grindelia, squarrosa, Dunal.-Denver; North Park, Colorado Territory;
Camp Carlin, Wyoming Territory.
Ohrysopsis villosa, Nutt.-Denver; Camp Carlin, Wyoming Territory.
Ohrysopsis hispida, Hook.-Near Denver.
Euplwosyne xanthi·ifolia, Gray. ( Oyclachmna xanthiifolia, Fres. ; Torr.
& Gray, Fl. N. Am., 2. p. 286.)-0arnp Carlin, Wyoming Territory.
Amb·rosia tri.fida, L.-Wyoming Territory, August to September.
Rudbeckict laciniata, L.-Near Denver.
Rudbeckia hirta, L.-Denver; Camp Carlin, Wyoming Territory.
Lepachys col~trnnaris, Torr. and Gray.-Wyoming Territory; August to
September.
Helianthus petiolaris, Nutt.-Denver; Camp Carlin, Wyoming Territory.
Helianthus rigid~ts, Desf.-Wyoming Territory; August to September.
Helianth~ts strumosus, L. var.-Camp Carlin, Wyoming Territory.
Helianthus lmti.fior~ts, Pers.-Camp Carlin~ Wyoming Territory.
Helianthella uni.fiorcc,, Torr. and Gray.-Near Denver.
Thelesperma .fiilifoli~tm, Gray.-Near Denver.
Gaillardia cc,ristata, Pursh.-Denver; North Park, Colorado Territory;
Wyoming Territory; August to September.
Villanova chrysantlwnwides, Gray.-Denver.
Ohaenactis achillemfolia, Hook and Arn.-Denver.
Bahia oppositijolia, Torr. and Gray.-Camp Carlin, Wyoming Territory.
Helenium auhtmnctle, L.-Wyoming Territory; August to September.
Achillea Millejoliwrn, L.-Wyoming Territory; August to September.
Artemisia canadensis, 1\:Iicbx.-Denver; Wyoming Territory; August
to September.
Artemisia tridentata, Nutt.-Denver; Wyoming Territory; August to
September.
Artemisict cancc,, Pursh.-Henry's Fork of Green River.
Artemisict trijiila, Nutt.-Henrs's Fork of Green River.
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Artemisia Ludovicia,na, Nutt, var. gnaphalodes, Torr. and Gray.-Hen·
ry's Fork of Green River; Wyoming Territory ; August to September.
Artemisict Richardsoniana,, Bess.-Uinta Mountains.
Artemisia frigida, Willd.-Denver; North Park, Colorado Territory;
Wyoming Terr~tory; August to September.
GnaphaUum Sprengelii, Hook and Arn.-Denver.
Antennaria dioica, Gaertn.-Denver; Uinta Mountains.
A ntennaria alpina, Gaertn.-Denver; Uinta Mountains.
Antennaria margaritacea, R. Br.-Henry's ]j"'ork of Green River.
Senecio lugens, Richards.-Wyoming Territory; August to September.
Senecio cernuus, Gray.-Monntains near Denver.
Senecio longilobus, Benth.-Denver; Wyoming Territory ; August to
September.
Senecio rapijolius, Nutt.-Wyoming Territory; August to September.
Senecio aureus, L. var.-Mountains near Denver.
Tetradyrnict inerm'is, Nutt.-North Park, Colorado Territory.
Tetradym·ia spinosa, Hook and Arn.-Henry's Fork of Green River.
Arnica mollis, Hook.-Mountains near Denver.
Oirsium ttndulctturn, Spreng.-Near Denver.
Oir~ittm Drummondii, Torr. and Gray.-Near Denver.
Oirsittrn edule, Nutt.-Near Denver.
Stephanorneria runcinata, Nutt.-Denver.
Lygodesrnia }uncea,, Don.-Wyoming Territory; August to September.
11roxirnon glaucu1n, Nutt.-North Park, Colorado Territory; Uinta
l\fountains.
Jlfacrorhynchus troximoides, N utt.-Fall River, Colorado Territory.
JYl,ulgedi'u?n pulchellum, Nutt.-Denver; vVyomiug Territory; August
to September.
CAMPANULACEJE.

Oampanttla rotundijolia,, L.-Denver; North Park, Colorado Territory.
Oampanula Langsdorffiana, Fischer.-North Park, Colorado Territory.
Spec'ltlm·'ia perfoliata, A. DC.-Near Denver.
ERICACE.A!}.

Yaccini1t1n Myrtillus, L.-Wyoming Territory"; August to September.
Arctostaphylos Uva-ursi, Spreng.-Denver; Uinta Mountains.
Pterospora Andrornedea, Nutt.-North Park, Colorado Territory.
PLANTAGINACEJE.

Plantago Patagonica, Jacq., var. gnaphalioides, Gray.-Near Denver.
Plantago eriopoda, Torr.-Wyoming Territory; August to September.
PRIMULACEJE.

Dodecatheon Meadia, L.-Uinta Mountains. In fruit.
Androsace jiliforrnis, Retz.-Henry's Fork of Green River.
Androsace septentrionalis, L.-Denver; Uinta Mountains.
Glaux maritima, L.-Wyoming Territory; August to September.
OROBA~CH.A.CEJE.

Aphyllon fasciculatum, Torr. and Gray.-Denver.
SCROPHUL.A.RIACEJE.

Pentstemon glaber, Pursh.-Wyoming Territory; August to September.
Pentstemon creruleus, Nutt.-Near Denver.
Pcntstemon am£minatt£s, Dougl.-Near Denver.
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Pentstemon humilis, Nutt.-Denver; Wyoming Territory; August to
September.
Pentstemon confert·us, Dougl., var. cceruleo-purpureus, Gray.-Mountains
near Den-ver; North Park, Colorado Territory.
]}Jimulus Jamesii, Torr.-Near Denver.
Mimulus luteus, L., Wyoming Territory; August to September.
flysanthes gratioloides, Benth.-North Park, Uolorado Territory.
Veronica Americana, Schw.-Henry's Fork of Green RiYer.
Veronica serpyllifolia, L.-Henris Fork of Green RiYer.
Castilleia integra, Gray.-Near Denver.
Castilleia pallida, Nutt.-Denver; Uinta 1\fountains.
Orthocq;rpus l~tteus, Nutt.-Dcnver; Uinta :Mountains.
Pedicularis bracteosa, Benth.-:i\fountains near Denver.
Pedimtlaris Grcenlandica, Retz.-Uinta Mountains.
VERBENACEJE.

Verbena bracteosa, :M:ichx.-Denver; Wyoming Territory.
Verbena stricta, Vent.-Camp Carlin, vVyoming Territory.
LABIA'l'JE.
~Mentha

Canadensis, L.-Henry's Fork of Green River.
Hedeoma Drurmnondii, Benth.-:-Wyoming Territory; August to September.
JJfonarda .fist~tlosa, L.-Near Denver.
JJ[onarda aristata, Nutt.-Near Denver.
Scutellaria resinosa, Torr.-Near Den-ver.
Scutellaria galericulata, L.-Near Denver.
Stachys pal~tstris, L., var. aspera, Gray.-Denver.
Stachys pal~tstris, L., -var. cordatct, Gray.-Wyoming Territory.
BORRAGIN.A.CE..iE.

Onosmodium Carol{nianum, DC.-Denver.
JJlertensia alpina., Don.-1\lountains near Denver.
Mertensia paniculata, Don.-Mountains near Denver.
j}fertensia Sibirica, Don.-Mountains near Denver, Uinta Mountains.
Lithospermum pilosmn, Nutt.-Denver.
Lithospermum hirtum, Lehm.-Denver.
Echinospermum Redowski, Lehm.-Denver, Wyoming Territory.
Echinospermum floribundum, Lebm.-Denver.
EritrichiU1n crassisepalum, Torr. and Gray.-Denv-er.
Eritrichium Jamesii, Torr.-Near Denver.
Eritrichium glomera tum, DO., (111yosotis glomerata, Hook. Fl. Bor.
Am. 2. p. 82. t. 162,) var., hispidissimu1n, Torr. in Emory's Rep. Bound.
Snrv. 2. p.140. (fide Gray.)-Camp Carlin, Wyoming Territory, July 30,
1870, F. V. Hayden.-Stem 8 to 10 inches high. Racemes mostly bifid
or trifid, 3 to 4 inches long, much surpassing the leaves. Flowers small
and somewhat scattered, rather shorter than the acute, lance-ovate
bracts. Limb of the corolla 2 lines in diameter, its narrow tube about
as long. Nutlets 4, reticulate-rugose on the back.
Eritrichium virgatum, sp. nov. Sesquipeda1e, hispidissimum; caule
simplici tereti erecto ; foliis radicallbus oblongo-spathulatis, caulinis
linearibus; cymis plurimis in axillis foliorum conglomeratis pedunculatis superne subsessilibus confertisque; calycis 5-partiti segmentis lanceolatis tubum corollre aequantibus ; nuculis 4-ovatis dorso infra partem
mediam convexo supra lateribus depresso laevibus nitidis.-Near Denver, Colorado Territory, 1869, B. H. Smith. The stout virgate spike

480

GEOLOGICAL SURVEY OF THE TERRITORIES.

made up of numerous glomerate cymes, crowded in the axils of the
linear cauline leaves, which much exceed them in length. Limb of the
'corolla 4 lines in diameter, its lobes rounded. Nutlets smooth and
shining, the lower half of the back convex, the upper depressed on the
sides, leaving a central vertical ridge. According to Dr. Gray this plant
is the same as Parry's 288, and Hall and Harbour's 43ts (in part.) It
has passed for a form of E. glorneratum, DC., but seems more nearly
allied in its fruit and habit of growth to E. leucophaemn, A. DO. (JJfyosotis le~wophma, Dougl., in Hook. Fl. Bor. Am. 2. p. 82. t. 163,) and I have
ventured to give it a name.
HYDROPHYLLACE.lE.
H,ydrophyll~tm

Virginicum, L.-Denver.
Phacelia circinctta, Jacq.-Denver.
Phacelict sericea, Gray.-Denver.
ElUsia ambigua, Nutt.-Denver.
POLEMONIACE.lE.

Polmnonium confert~tm, Gray.-Gray's Peak, Colorado Territory.
Collomia linearis, Nutt.-Uinta Mountains.
Gilia congesta, Hook.-Denver; Wyoming Territory.
Gilia pinnatijida, Nutt.-l\iountains near Denver.
Gilia aggregata, Spreng.-Denver. vVith white and red flowers.
Gilia pungens, Benth.-Near Denver.
SOLANACE.lE.

Solanum rostratum, Pursh.-Denver.
Physalis Pennsylvanica, L., var.~-Wyoming Territory; .August to Sep- ·
tember.
GENTIANACE.lE.

Gentiana a.ffin·is, Griseb.-Mountains near Denver; North Park, ColO:t>ado Territory; Uinta 1\iountains~ Wyoming Territory.
Gentiana Parryi, Engelm.-:M:ountains near Denver; North Park, Colorado Territory.
Gentiana detonsa, Griseb.-Near Denver.
Gentiana frigida, Haenke, var. algida, Griseb.-Gray's Peak, Colorado Territory ; Uinta Mountains.
Gentiana acuta, Michx.-N ear Denver; Uinta Mountains.
Frasera speciosa, DougI.-Uinta Mountains.
APOCYNACE.lE.

Apocynum androsmmifolium, L.-Denver.
ASCLEPIADACEJE.

Asclepias speciosa, Torr.-Near Denver.
Asclepias verticillata, L.-Wyoming Territory.

The dwarf variety.

NYCTAGINACE.lE.

Oxybaphus angustifolius, Sweet.-Denver.
Oxybaphus nyctagineus, Sweet.-Denver.
Abroniajragrans, Nutt.-Denver, Wyoming Territory.
CHENOPODIACE.lE.

Cyclolorna platyphyllum, Moq.-Denver.
Tcloxys cornuta, Torr. in Whipple's, Report, Pacific Railroad Survey,
4. p. 129.-Mountains near Denver.
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Bliturn cap-itatu,m, L.-Denver.
Blitwn mttritimum, Nutt.-\Vyoming Territory; August to September.
Obione aTgentea, Moq.-Wyoming Territory; August to September.
Salicon~ia Virginica, L.-Big San<ly,Wyoming Territory; September 8.
Whole plant of a bright-red color.
.A.MARAN T .A.CEJE.
llrmlicl~ia

llloriclana, ~ioq.-Denver.
Jl[ontelia tamariscina, Gray.-Wyoming Territory; August to September.
POLYGONA0EJE.

Polygonum Bistorta,, L.-Near Denver; Uinta l\Iountains.
Polygonmn aviculare, L., var. erectum, Roth.-DenYer; North Park,
Colorado Territory.
Polygonttm tcnue, Michx., var.-Denver.
Polygonwn ramosissimttm, Michx.-Wyoming Territory.
Polygonttm dmnetorttm, L.-Wyoming Territory.
Rumex marit,imum, L.-\Vyoming Territory ; Augu~t to September.
Oxyria digyna, H. Br.-Uiuta 1\Tountains, \Vyoming Territory.
ETiogonnm ttmbellatmn, Torr.-Denver; Wyoming 'ferritory.
Eriogom.tm ttmbellatum, Torr., var. monocephalwn, 'forr and Gray, Rev.
Erigon., p. lGO.
Eriogonum alatum, Torr., var. glabriusculum, Torr., Rev. Erigon, p.
154.-Denver; North Park, Colorado Territory.
Eriogonurn microthecum, Nntt., var. e.ffusum, Torr. and Gray, J. c., p.
172.-Denver; North Park, Colorado Territory; \Vyoming Territory.
Eriogomon brevica/ltle, N utt.-Wyoming Territory; August to September ; with yellow flowers.
Er;·iogonum annuurn, N utt.-Denver.
Er·igonum cernuum, Nutt.-vVyoming Territory; August to September.
ELJEAGNACEJE.

Shepherdia Canadensis, N utt.-Uinta Mountains, Wyoming Territory.
Shepherclia argentea, Nntt.-Henry's Fork of Green River, Wyoming
Territory.
EUPHORBIACEJE.
\

E 'uphorbia petaloidea, Engelm.-Denver.
Euphorbia marginata, Pursh.-Denver.
Euphorbia montana, Engelm.-Mountains near Denver.
Groton mw·icatwn, Nutt.-Near Denver.
BETULACEJE.

Betula papyra,cea,, Ait., var. pumila, Regel, in DC. Prod.-Henry's
Fork of Green River.
Alnus serrulata, Ait., var. rugosa, Regel.-Henry's Fork of Green
River.
SALICACEJE.

Salix cordata, Muhl.--Wyoming Territory; August to September.
Salix longifolia, Muhl.-Denver; Wyoming Territory.
Salix ltteida, Muhl, var. angustifoUa, Anders.-Henry's Fork of Green
River.
Popttl,us Canadensis, Desf., var. angustifolia, Westmael in DO. Pro(Jl.
(P. angustijolia, 'forr.)-Henry's Fork of Green River.
31 G
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CONIFER.lE.

Ephedra antisyphilitica, Berland.-·vvyoming Territory; August to September.
Juniperus communis, L.-Near Denver.
Juniperus occidentalis, Hook.-Wyoming Territory; August to Septt>mber.
Pinus flexilis, James.-"\Vyoming Territory.
IRIDACE.JE.

Iris tenax, Dougl.-Denver; Wyoming Territory.

In fruit.

LILIACE.JE.

Veratrum viride, Ait.-Uinta J\Iountains, Wyoming Territory.
Zygadenus glatww;, Nutt.-Uinta Mountains, Wyoming Territory.
Sm,ilacina stellata, Desf.-Denver; Uinta Mountains.
Allhtrn stellcttum, Nntt.-Denver.
Alliurn cernuum, ltoth.-Denver.
AZZ.ium acuminatum, Hook "~-Uinta Mountains, Wyoming Territory.
The sepals have a longer acumination than in Hooker's figure (Fl. Bor.
Am., t. 196), and the inner ones are not serrulate.
Alli'ttrn Schcenoprasum, L.-Wyoming Territory; August to September.
Yucca ang'ttstifolia, Pursh.-N ear Denver.
Calochorttts ven'ttstus, Benth.-N ear Denver.
JUNCACE.JE.

Luzula spicata, Desv.-Uinta Mountains, Wyoming Territory.
Luzttla 1Jarvijlora, Desv., var. melanocarpa, Grey.-Uinta Mountains.
J'ltnmts Baltimts, Dethard.-Uinta Mountains, Wyoming Territory.
J'tt/iWUS temtis, vVilld.-Henry's Fork of Green River.
J'ttncuslongistylis, Torr. (J. Menziesii, R. Br.)-Denver.
J'tt1wus nodosus, L., var. rnegacephalus, Torr.-DenYer.
J~mcus JJlertensictn'tts, Bong.; En.g~. Rev., p. 479.-Uinta Mountains.
COMJYI:ELYN.AOE.lE.

Tradescantia Virginica,, L.-Denver.
CYPERACE.lE.

Eleocharis palustris, R. Br.-Denver.
Scirpus pungens, Vahl.-Denver.
Scirp'ttS rnwritimus, L.-"\Vyoming Territory ; August to September.
Scirpus atrovirens, Muhl.-Near Denver.
Carex straminea, Schk.-Denyer.
Carex festiva, Dew.- Uinta Mountains, Wyoming Territory.
Carex Haydeniana, Olney, sp. nov. Spica ovata vel subrotundata
capitata fusco-ferruginea e spiculis sub-6 ba,s i mascu1is densifloris; bracteis squamaeformis cuspidatis; perigyniis ovatis longe attenuato-rostratis, ore oblique secto, membranaceis compressis alatis; margine duploserratis basi leviter nervatis, fiavidis superne vel demum omnins fuscis
apertis squama ovata acuta margine hyalina longioribus; achenio
stramineo lenticulari-elliptico. Hctb., California, Bolander, 507 4; Uinta
Mountains, Wyoming Territory, F. V. Hayden, September, 1870.-The
Oarex Haydeni of Dewey being clearly 0. aperta, Boott., this is named in
honor of the zealous explorer in the realms of natural history whose
name it bears. Low, 4 to 6 inches high, caespitose; roots fibrous; leaves
fiat, narrow, shorter than the culms. Allied to C. festiva, Dew.
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Ca1·ex Bon,plandii, Kunth., var. minor, Gray, Ennm. Pl. Hall and Harbour, p. 77.-Uinta Mountains, Wyoming Territory.
Oarex atrata, L.-Uinta :Mountains, Wyoming Territory.
Carrex rrigida, Goou.-Uinta Mountains, Wyoming Territory.
Carex ~!Jtriculata, Boott.-Denver.
G RA:VIINEJE.

Alopemwuspratensis, L., var. alpina,, Wabl.-Near Denver.
Phlm,tm alpinum, L.-Henry's Pork of Green River.
Agrostis perennans, Tuckerm.-Henry's Pork of Green RiYer.
]JuhlenbeTgia glome'r ata, Trin.-Wyoming Territory, August to Sep-

tember.
Oalamag'rostis Langsdorr,ffii, Trin.-vVyoming Territory.
Oalamagrostis long{foUa, Hook.-Wyoming Territory.
Oalamagrostis sylvatica, D. U.-1Uountains near Denver.
S_partina cynosuroides, 'Villd.-\Vyoming Territory.
Boutelmct oligostachya, Torr.-Near Denyer.
Koeleric!J cristata, Pers.-Near Denver.
Eatonia, obtusata, Gray.-Near Denver.
Brizopyrwn spicatum, llook and .Arn., var. Strictum, Thurber, Enum.,

Pl. Hall and llarbonr, p. 78.-vVyoming Territory; August to September.
Poet serotina, Ehrl1.-Uinta l\fountains, Wyoming Territory.
Poet aTctica, R. Dr.-Uinta ].\fountains, Wyoming Territory.
Poet Anclina, Tri11.-Uinta l\Iountains, Wyoming Territory.
Festttca ovina, L., var.-Near Denver.
B-;·onws ciliatus, L.-Near Denver.
Brorntts kalm-ii, Gray.-N orth Park, Colorado Territory.
Triticum 'repens, L.-1\Iountains near Denver.
Elym,us canadensis, L.-DenYer, Wyoming Territory; August to September.
Hordeum jubatmn, L.-Denver; Camp Carlin, Wyoming Territory.
Trisetum subspicatum, Beauv., var. molle, Gr.-Uinta :Mountains.
Airct caespitosa, L.-Uinta ]\fountains.
Andropogon argenteus, Ell.-Wyoming Territory, August to September.
EQUISETA..CE.J-"E.

Equisetum arvense, L.-Denver, vVyoming Territory.
Equisetmn hyemale, L.-Wyoming Territory; August to September.
FILICES.

Pellaea cttroptttp~wea, Link.-North Park, Colorado Territory.
Aspidium JJ'ilix-rnas, Swartz.-Wyoming Territory; August to Sep-

tember.
Woodsia obtusa, Torr.-Wyoming Territory ; August "to September.
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VI.-CATALOGUE OF PLANTS .
.A LIST OF PLANTS COLLECTED BY C. THOMAS, IN EASTERN
COLOHADO AND NORTHEASTERN NEW MEXICO, DURING
THE SURVEY OF 1869.
BY DR.

C. C.

.Atragene alpina, L.
Clematit3 Douglassii, Hook.
ligustieifolia, N utt.
Pulsatilla Nuttalliana, Gray.
Anemone multificla D. 0.
Pennsylvanica, L.
Thalictrum Fendleri, Engelm.
alpinum, L.
Ranunculus cymbalaria, Pursh.
repens, Ilook.
aftinis, H. B.
Eschscholtzii, Schlecht.
Caltha leptosepala, D. 0.
Aqnil egi a~ cmrulea, Torr.
Delphinium elatum, L.
Aconitum uasntum, Fisch.
Berberis aquifolinm, Pnrsh.
B. Fenuleri, Gray.
Corydalis aurea, Willd.
Argemone Mexicana, L.
Canlamine cordifolia, Gray.
Erysimum aspernm, D. C.
Draba anrea, Vahl.
D. streptocarpa, Gray.
Oamelina sativa, L.
Smelo\Yskia calycina, C. A. Meyer.
TlJlaspi cochleariforrne, D. 0.
Physaria didymocarpa, Gray.
V esicaria montana, Gray.
ludoviciana, D. C.
Stanleya integrifoba, ,James.
Lepidium alyssoides, Gray.
Barbarea vulgaris, L.
Sisymbrium canescens, Nutt,,
Cleo me integrifolia, Torr and Gray.
Viola canadensis, JJ.
·
N uttalli, Pursh.
Mnhlenberg·ii, Torr.
Ionidum lineare, Torr.
Hypericum Scouleri, Hook.
Silene 1\fenzerii, Hook.
<!Caulis, L.
Paronychia pulvinata, Gray.
Jamesii, Torr.
Arenaria arctica, Stev.
]'endleri, Gray.
tenella, Gray.

PARRY •

Dryas octopetala, L.
Fragraria Virginiana, L.
vesca, L.
Amelanchier canadensis, Torr. and
Gray.
Prunus virginiana, L.
Epilobium alpiuum, L.
latifolin m, L.
angustifoliurn, L.
palustre, L.
Gayophytum raeemosum, Torr. and
Gray.
<Enothera serrulata, Nutt.
pinnatifolia, N utt.
biennis, L.
rnarginata~ Nutt.
illnothera coronopifolia, Torr. and
Gray.
Gaura coccinea, N utt.
parviflora, Dougl.
Mentzelia nuda, Torr. and Grc1y.
multiflora, Nutt.
Opunta arborescens, Engel.
Saxifraga punctata, L.
serpillifolia, Pursh.
bronchialis, L.
:flagellaris, Willcl.
nivalis, L.
Heuchera hispida~ Pursh.
parvifolia, N utt.
Halli, Gray.
Jamesiaamericana, Torr.and Gray.
Hibes cereum, Dougl.
aureum, Pursh.
lacustre, Poir..
hirtellum, Micbx.
Sedum rhodanthum, Gray.
rhodiola, L.
stenopetalum, Pnrsh.
Sanicula canadensis, L.
Couioselinum Fischeri, Wimm.
M:usenium divaricatum, N utt.
Thaspium montanum, Gray.
trachypleurium, Gray.
Osmorhiza brevistylis, D. C.
Adoxa Moschatellina, L.
Linmea borealis, Grouov.

GEOLOGICAL SURVEY OF THE TERRITORIES.

Linnma Franklinii, Hook.
Uerastium vulgatum, L.
Claytonia megarrhiza, Parry.
Talinum pygmrecnm, Gray.
l\1alvastrmn coccineum, Gray.
Sidalea candida, Gray.
rnalvmflora, Gray.
Linum perenne, L.
rigi<lum, Pursb.
Geranium Ricllardsonii, F. and 1\f.
Fremontii, Torr.
Ceanothus ovatus, Desf.
FencUeri, Gray.
velutinus, Dougl.
Pachystirna Myrsinites, Haf.
Acer gla brun, Torr.
Ptlea trifoliata, L.
Rllus toxicodendron, L.
aromatica, .A.it.
Lathyrus ornatus, Nutt.
Ervum hirsutnrn, L.
Tllermopsis montana, Nutt.
Petalostemon -violaceus, l\lich'x.
canclidum, Micll'x.
Sopllora sericea, Pursh.
Glycyrrhiza Lepidota, Nutt.
Trifolium longipes, N utt.
Parryi, Gray.
dasyphyllum, Torr.
nanum, Torr.
Lupinus cmspitosus, Nutt.
pusillus, Pursh.
ornatus, Dougl.
Dalea laxiflora, Pursh.
aurea, Nutt.
formosa, Torr.
Amorpha, nan a, N ntt.
Astragalus Drummondii, Hook.
Parryi, Gray.
cmspitosns, Gray.
rnultiflorns, Gray.
strictus, N utt.
bisulcatus, Gray.
hypoglottis, L.
Oxytropis specosa, Do1,1gl.
multiceps, N utt.
Lam bcrti, Pursh.
Psoralea florilmnda, N utt.
lanceolata, Pursh.
escnlenta, Pnrsh.
Spirma opnlifolia, L.
durnosa,, Nutt.
Sibbaldia procumbens, L.
Chammrhodes erecta, Burr.
Cercocarpus parvifolius, Nutt.
Rubus deliciosus, James.

4b5

SymphoricarpnsoccidentaliR, R."b.i·.
Lonicera iuvolucrata, Banks.
Sambucus pubens, J\lich:s:.
Galium boreale, L.
Valeriana dioica, L.
Fedia longiflora, r:rorr. and Gray.
.IJiatris puuctata, Hook
Aster salsuginosus, Richards.
Erigeron philadelphicnm, L.
grandifl.orum, llook.
macanthrurn, Nntt.
compositum, Pursh.
Solidago virga aurea, L.
Diplopappus el'icoides.
A.plopappus arrnerioides, Torr. and
Gray.
.A.plopappus Fremonti, Torr. and
Gray.
Aplopappns Parryi, Gray.
Nnttalliana, Gray.
Chrysopsis villosa, N utt.
Lepachis coluw.naris, Torr. and
Gray.
Gaillardia aristata, Pnrsh.
Helianthella uniflora, Torr. and
Gray.
Helianthus pumilus, Nutt.
petiolaris, Nutt.
Actinella grandiflora, Torr. and
Gray.
.Actinella sea posa, N u tt.
acanlis, Nntt.
II;ymenopappns teuuifolius, Pursh.
l\Iacherauthera canescens, Gras.
Grindelia squarosa, Duval.
Townseudia grandiflora, Nntt.
SPrricea, llook.
Fendleri, Gray.
Linosyris ~raveoleus, Torr. and
Gray.
Linosyris viscidifl.ora, Torr. and
Grav.
Pectisv angustifolia, Torr.
Artemesia scopulorum, Gray.
tri<lentata, Nutt.
borealis, Pa 11.
frigida, \Villd.
filifolia, Torr.
Antennaria dioica, R. Br.
Carpathica, D. C.
Rudbeclda laciniata, L.
Zinnia grandifl.ora, L.
Ximenesia encelioides, Cav.
l\Ielampodinm cinereum, D. C.
Achillea millelifolium, L.
Bahia absintl.Lifolia, Benth.
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Rubus strigosus, L.
Nntkanus, Mocino.
Rosa blanua, Ait.
Gcum rivale, L.
trH!orum, Pursh.
Rossii, .Seringe.
Crategus rivularis, Hoole
Potentilla diversifolia, Lellm.
N orvegica, L.
:Iissa, N utt.
frutieosa, L.

Arnica angustifolia, Vabl.
Senecio integerrimus, N utt.
aureus, L., (variety.)
triangularis, Hook.
eremophyllus, Richard.
Cirsium acanle, All.
niulgedium pulchrum, Nutt.
Troximon glaucum, Nutt.
Lygouesmia jnncea, Don.
UampanulaLangsdorfiana,Fischer.
C. uniflora, L.
Campylocera leptocarpa, N utt.
Vaccinium myrtillus, L.
Eriogonum alatum, Torr.
umbellatum, Torr.
Arctostaphylos nva-ursi, Spreng.
Kahnia glauca, L.
flavum, Nutt.
Pyrola minor, L.
brevicanle, Nutt.
secun d. a, L.
Comandra pallida, D. C.
chlorantha, Swartz.
Arcenthobium
campylopodum,
Engel.
uuifiora, L.
Plantago Patagonica, Lam.
Euphgrbia ruaroinata, Pursll.
Primula angustifolia, Torr.
montana, Engel.
Parryi, Gray.
Croton muricatum, Nutt.
And.rosace. filiform is, Retz.
Tragia ramosa, Torr.
Querens Douglasii. D. C.
septentrionalis, L.
cbamrnjasme, L.
Uorylus rostrata, Ait.
Dodecatheou meadia, L.
Betula glandulosa, Michx.
Lysmachia ciliata, L.
Salix glanca, L.
AplJyllon fascicnlatum, Torr. and Populus angustifolia.
Gray.
Pinus ponderosa~ Dougl.
Pentstcmon glaber, Pnrsh.
contorta, Dougl.
flexilis, James.
acnminatus, Dougl.
aristata, Engel.
glaucus, Graham.
edulis, Engel.
pnbescens, Soland.
·
humilis, N utt.
Abies JUenziesii, Lindl.
Engel!aanii, Parry.
Scroplmlaria nodosa, L.
grandis, Linul.
l\1imnlns .Jamesii, Torr.
Synthris plantaginea, Denth.
Platanthera hyperborea, Lindl.
Veronica alpina, L.
Calypso borealis, Salisb.
Castilleja pallida, Knuth.
Spiranthus 0ornua, Hichard.
Goodyera ]}Ienziesii, Lindl.
sessiliflora, Pursh.
Iris tenax, Dougl.
integra, Gray.
Sisyrinchium Bermndiana.
Orthocarpus luteus, Nutt.
Pedicularis racernosa, Benth.
Streptopns amplexifolius, D. C.
Smilacina stellata, Desf.
Groenlandica, Retz.
racemosa, Desf.
Parryi, Gray.
Lilium Phihdelphicnm, L.
Scutellaria resiuosa, Torr.
Erythronium grandifiorum,
galericulata, L.
Pursh.
Monarda aristata, N utt. .
Dracocephrtlum parviflorum, N utt. Allium cernuuin, Roth.
Leucocrinium muntanum, Nutt.
Tencrium cubense, L.
Verbena anbletia, L.
Calochortus venustus, Benth.
Echinospermum floribundum, Lehm. Lloyclia serotina, Reich.
Eritrichium glomeratum, D. C.
Yucca baccata, Torr.
angustifolia, Pnrsb.
crassisepalum, Torr.
Zygaclenus glaucns, N utt.
arctioides, D. 0.
Lithospermum pilosum, N utt.
Juncus tennis, L .

.
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Lithospcrmum longiflorum, Sprang.
~fertensia alpina, Don.
Si birica, Don.
Polemonium cmrn1eum, L.
pnlche1lnm, Bunge.
confertum, Gray.
Phlox Douglassii, IIook.
Hoodii, Richardson.
Colomia linearis, Nutt.
Gilia pinnatifo1ia, Nntt,
aggregata, Sprang.
spicata, Nutt.
congesta, nook.
longifiora, Benth. .
Evolvnlns argenteus, P1ush.
Ipomea leptophylla, Torr.
Solanum tritlorum, Nntt.
rostratum, Don.
Physalis lobata, rrorr.
Pluwelia Popei, Torr and GraJ--.
circinata, Jacq.
sericea, Gra:r.
Ilydrophyllum virginicnm, L.
Nama dichotoma, Chois.
Ellisia nyctelea, L.
Gentiana acuta, l\1ichx.
Parryi, Gmy.
affinis, Grie;.;b.
Frasera speciosa, Dongl.
Asclepias tuberosa, L.
verticillata, L.
speciosa, Torr.
Apocynum canabinum, L.
Abronia fragrans, Nutt.
0~-ybaphus nyctagineu.·, Sweet.
.Allionia incarnata, L.
Polygonum bistorta, L.
viviparnm, L.
tenue, J\lich:x:.
Oxyria dig·yna, H. Br.
Rumex venosus, Pnrsh.
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J uncus l\Iertensianus, C.A.Meyer.

Parryi, Engel.
Luzula spicata, D. C.
parviilora, D. C.
Cyperus Schweiutzii, Torr.
Scivpns pungeus, Vahl.
Carex scoparia, Selk.
atrata, L.
~Iuhlenbergia gracilis, H. B. K.
graciliura, Torr.
aspericaulis, N ees.
Sporobolus ramuloitles, II. B. K.
Sporobolus asperifolius, Nees aud
Meyer.
Panicnm capillare, L.
Spartina cyuosnroides, \Villd.
Phlenm alpinurn, L.
Aristida purpnrea, N utt.
Kmleria aristata, Pers.
Trisetum snbspicatnm, Beauv.
Brizopyrum spicatum, llook.
Vilfa trieholepis,. Torr.
Mnnroa sqnarrosa, Torr.
Bnchloe dact.yloides. Engel.
Bonteloua oligastachya, :Sntt.
B. curtipendnla, Gray.
Festnca tenella, \Villtl.
F. ovina, L.
Poa alpiua, L.
Sitauion elymoides, Hef.
Hordeum jubatum, !1.
Triticum caninnm, L.
T. Phleoides, II. B. K.
Sclerochloa Californica, l\lunro.
Setaria, cauda ta .
Eragrostis pomoides, Beanr.
Uhcl::m thes Fendleri, llook.
N othochlmna Fen<lleri, Kunze.
\\.,.. oodsia obtnsa, Torr.
Asplenium ~aeptentionale, L.
Cystoptcris fragilis, Beruh.

NoTE.-The foregoing list of plants is inserted for the purpose of
furnishing some data to botanists in ascertaining the general di~tribu
tion of the species therein mtrned. J\Iy duties in other departments did
not allow me time to make not-es in regaru to special localities, eleYations, &c.
C. THOl\fAS.
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APPENDIX.

M E T E 0 R 0 L 0 G Y, & c.
BY

J\iR. J. W. BEAMAN.

QuARTER~IASTER's DEPoT, FoRT D.

A. RussELL,
November 1, 1870.
SIR: I have the honor herewith to present the meteorological notes
taken during the month of July, August, September, and October,
while connected with the geological survey of vVyoming Territory under
your charge. These notes have been taken in connection with other
duties, not in a professional, hut, rather in an amateur way. This will, I
trust, account for many apparent imperfections and omissions. The instruments placed at my disposal were an aneroid barometer with accompan,ying Fahrenheit thermometer; a Fahrenheit thermometer manufactured
by C. A. Siefert, Boston, Massachusetts ; two Fahrenheit thermometers
manufactured by J. Kendall & Co., New Lebanon, New York; also, one
odometer for the measurement of the road. There has been a barometric
observation taken at every camp and many points of importance on the
survey. As will be seen by an inspection of the tables, the observed
readings at the same place often vary several tenths of an inch. This
is owing to a change in density of the atmosphere each hour, and with
every wind and rain ; hence the heights are hut approximately indicated.
There has been no allowance made for a change iu temperature, as it is
but slight. There has been no allowance made for the wind, as I have
had no means of determining its force. I have made no allowance for
moisture; as I llave had no hygrometer. The rule which has been followed in making the estimates of elevation is one given by J. H. Bellville, of the Royal Observatory. Greenwich. Rule.-" As the sum of the
readings of the barometer is to their difference, so is 55,000 (or twice the
assumed height of the atmosphere in feet) to the elevation required."
Tfu.is rule is founded on tlle supposition that the height of the atmosphere is 27,500 feet, with tbe barometer at 30 inches and tile thermometer at 55° Fahrenheit. The temperature has been noted at the time of
taking each reading; so that if there could be a more accurate estimate
made by allowing for a change, it might be made. The aneroid is one
purchased in Philadelpllia of :McAllister & Bro., 728 Chestnut street.
The divided circle is only two inches in diameter. Hs small size recommends it to those desiring a very convenient portable instrument; but
on the other hand it is too small for the most accurate work. The temperature during the time oceupied in the field llas ranged from 103°,
(~uartermaster's Department, Fort D. A. Russell, July 28, 2.30 o'clock
p. m., down to so, Big Pond Stage Station, Bitter Creek, 3.30 o'clock a.
m., October 17. We have experienced few storms of rain or snow. The
general direction of the wind has been from northwest or southwest.
On the evening of September 24, at Camp Elliott, there was a most gor-
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geons display of the aurora borealis. It was first noticed about half
pm;t eight o'clock in the evening, when the nortlleast quarter of the
heaYens was one glow of deep crimson flame. There was very little
::-;hooting upward of narrmv bands of light, but rather a gradual change
of color. Later in the night the northwest quarter became suffused in
tile same manner.
'rhe odometer has worked admirably, showing as the distance traveled
hy the train 888.196 miles. This does not include the trips made by
yourself to tllC head·waters of the Chugwater Creek, Laramie Peak,
Box El<ler Canon, Uinta l\Im~ntains, the sources of Bear Hiver, the
source of Henry's Fork of Green River, and Broivn's llole, which brings
up the estimate to 1,400 miles, making a daily average of about 18
miles.
In conclusion, let me here add that my work iu tllis department bat-~
been attended with an increasing interest as the months have gone by,
and my only regret is that it is not more tlloroughly done.
I hnnj the honor to be your very obedient servant,
J. W. BEAl\IAN.
Dr. F. V. HAYDEX.

Metcorolooical notes tal;cn clurin[J the months of Jnly, L!u:Just, September, ancl October.
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Howard's nomenclature of the cloud~ has been followed in these tnhles.
AnnREVIA'l'IONs.-Cir., cinus; cu., culllulus; sir., stratm;; cir.-cu., eino-cmnulns; c:u.-str., cumulo-stratus; cir.-str., cirro-stratus.
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Bl

---·-

-+-'~

•M

G7 -------- ·--------·
80
93
88 ........ ·-------- ·
75
78
9D ---- --- ---------·
105
90
74
90

----- ---·-

72 . -- . .

c;l<:J

,~ .'·T ::><U

55
G4
55
!)1

00

;e]

. . . .. . . .
........
. .. .. . . .
. . . .. . . .
. . . .. . . .

-------- ·········· ---------· ........
-------- ................. ·-----····1···--···

M

Jiravy wind with rain during P.M.
nain <1uring thl) flay.
Jtain <lnriu~ tb• <la\·.
CJrar. Icc forruetl dm·ing the night.
Cll•ar.
Clear.
Clear.
Gn. in W.
Cu. iH \V.
NOTE.- The original record, as fnr11h;he<l h.v ::\Ir. HPamau from A ugm;t
11 to .A ugm;t ~!l, wa;; aceidt Htally
lo~t.
The following notes aro furnislwd frmn thr memorandum taken
by .llr. Thomas.
1

~

t:=l
~
~

H

~
~
......

t::l

rn

Ln. Prelc, near Fort Fetterman, two miles
west of the Platte.

Box Elder Creek.

.Aug.
Ang.
..t\ug.
Ang.
Ang.
Aug.
Aug.
..A u_g.
Ang.
Aug.
.Aug.

1G

5. 00 a.m.

Hi
ltl

(i.

Red ButtmJ.

(Camp) .......

{j,

lD

lfl
:!0

Aug. 23
Aug. 23

Au.l!. 24
Aug. ~4
Foot of Great Calion ............ . A1tg. ~·!
Top of Great Calion ............. . Aug. 24
(Camp) ..... . A.ug. 2-1
Aug. 23
Willow Creek. (Camp) ......
Aug. 2.3
Aug. 52G
.Aug. 2G
Aug. '27
Aug. 27
Aug. ~7
Camp Gifford. (Camp) ......... .
Aug. 28
. Aug. 2!J
.Mountain north and opposite Cam11 Gifford ... Aug. 2!)
~wL•etwater River, Three Crossiugs. (Camp
Aug. 2!)
Gifford.)
Sweetw~tter River, ncar St. Mary's telegraph
Aug. 30
station. (Camn.)
Aug. 31
Ridge of ihe foot-hills Wind River Mountainli. Aug. :n
Aug. 31
Au)J;. 31
Aug. 31
Aug. 31
Stmwberry Creek Springs. (Camp) ......... . Aug. 31
Aug. 31
Sept. 1
On the plateau of vertical slate ridges ....... . Sept. 1
l!'urt Stambaugh. (Camp) .. _................ . Sept, 1
Sept. 2

02:5

~3.1

!J. 00 a.m.

25. 1

:1.00 ]l.lll.
G. 00 p.m.
(j, 00 H. Ill.
li. 00 p. lll.
(i.QO a.m.
11.00a.m .
l.OOp.m.

25.5

23.1
24.95
~H. 8
:H. 725
~4. 75
~4. 77

24.77
2-1.77
24. :-!3
2-1. 5(i
24.525
24.32:\
23.775
2-l.LiG5
24. 7(i
23. [)75
2:!. !)75
24. 025
24.]
23. !JG
2:1. !J-1
24. O::l
;H.08
23.28
23. !)8

!i. UO a. 11.1.
7. 00 a.m.
7. 00 p.m.

~:3

o~r,

~;:;.

2-1. fl:l3
21. 92.)
2-1. !)7.)
~:5. 08
23.08

a.m.
a.m.
p. Jll.
a.m.

li.lOp.m.
5. 00 u. Jll.

.A.ug. 2~
Aug. 22

2:1.

'H!J~5
~-t 1<'!5
~-1. G:.!5

00 p.ll1.

7. LO
11.00
8. 00
u. 00

18

18
18

ltug. 20

Aug.

a.lll.

1. uo Jl· 111.
11. uo a.m.

17
17

(Camp) .................. . Aug. ~0
Aug. 20
Aug. 21
Camp on North Platte, near Big Muudy Creek. Aug. 21
(Camp.)
Aug.~~
Camp on Not'th Platte, 5 miles below the Old
Bridge. (Camp.)

00

12.00

m.

o. OU a.m.
------------

-----------!J. 00 p.m.
G. 00 a.m.
4. 00 p.m.
7. 00 a.m.
7. 00 ll· Ill.
7. 00 a.m.

. - ... - .. - - .
------------

~

00 p. lit.
00 a.m.
3. 45 p.m.
G. 00 p.m._
(j_
{j_

5.00 p.m.
!J. 00 a.m.
11. oo a.m.
12.00 ill.
1. 00 p.m.
2. 30 p. Ill.
3. 00 p. lll.
4. ao p.m.
!I.OOp. m.
o. 00 a. m.
11. Oi.J a. m.
a. oo p. m.
9. 00 :.L Jll,

23.58
23.52
2:~. 32
23.1
22. !)2
2:l. 88
22.78
:.)3.17
2:l. 03

2:J. OG
:l~.
2~.
1
1

2:l.

(;2
ti2
(j7

if

ft

'i!J

7!J

I : ·.;;,i~ :;:: : ::::<-·:: :

-- ... - .. . ······ .. ······.- .. ······- --·. ---· ... This reading rejected.

:~ ~~ ::::::::: :::::::: :::::::::: ::::::::::::::::::
1

11!1.

:::1>

YY E/ i/i:::

~~ ~~ :::: : ::::: . -~·-~~~. :: ~ ~: ::::: :::::: ::: : :::::
~~ ~~ ::::: ::::: - -~·-~~~. ::: -.: :::: : :::::::::: ::::::::

83

0
This reading rejected.

H

0

>t'i

83 ......... . .................................. ..

~~ ~! ::::::::::::~·: ~~~: :::: :: :~ ~: ::::: :::::::::::::

ii

70 . - - . . . - - . .

'j 0

~

'73

G2

U1

~
~
~

5, 528 . - - - - . - - - . . - - - - - - - - . . - - . - - - .

~

:r:

I

•:li .I::: iiiiiil:: ::r::r:rr I [ rr: I

RojMtod.
Rejected.

G2

~: i~~ 1::::::::::1::::::::::1::::::::
G4 I 64 1-- .. ·I-- .. ·I G, 021 , .. -- - .... 'I' -._· _
. : -_ -_: 1 ::: :: :.
44
4-i . -- .. --- ... -- .... - . --.----- .. -6,!l:n
~~ 1· -43 ·1· -45 ·1· -43- 6,134
14. 46 I 26G. 863

Cir.-cn.
Cir.-eu. upon tlw horizon.

721 72
70
72
G, 720
23. 7
292. 5G3
W.
53
53
52
54 .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..
72 ............... G,8!l4 ............................
77 .. ... ..... ..... 7, 1·17 ............................

Clear.
Clear.
Cu.-str.
Cir.-cu. on the hot>izon.

~~

::::: ::::: :::::

~: ::J~

43

l

0

1-:r;
~

H

H

tt::
1--3

H

~

:::::::::: :::: :: ::::::::: ::: g~:::~~~:

82 . . . . . . . . . . . . . . . 7, 5:.J.l . • • • . • . • .. . . • • • . .. . • .. . . • • . . • • .
n 47 78 75 .. .... ..
2:.!. 5!l
313.153 ........
~
~
5!
54
7, 201 ........................... ,
4-1 ........ .......... .......... .......
45
(i7
~
~
Gti
7,1:'08 .......... . . . . . . . . . . . . . . . . . .
m li7 ~(j 7. 732
~
n G 3~7. 753 . . . . . . ..
00
00
53 1 ;17 ......................................
1

431

M
0
t'i
0
0

~

H

0~
H

t.j

rn

on tho horizon.
Cir.-eu.
Cir.-cn.
Cir.-str.
Niu1ous.
Cn.-str.

~+:>

C1r.

1--1-

~~t.-str.

~

Meteo1·ological notes taken dm·ing the rnonths of July, A1tgust, September, and OctobiJr-Contiuued.

~

\..0

..,:,

6

Fahrenheit.

c-o

Q)

<l)

.t3

a;>Q)

<l)
<;,;)

<l)

h

d

'1:l

Point of observation.

.....0
0

~

~

~

~

5mtkc Indians' camp, southwest Atlantic City.
South Pass Hotel, South Pass City ........... .
Quartermaster's office Atlantic City ......... .
l<'ort Stamuaugh. (Camp) ................... .
Steam saw-mill Wind River Mountains ...... .
Ou the Indian trail near the top of mountains.
Plwtograph Station, \Viml River Mountains ..
Camp west of the Atlantic and Pacific divide.

Sept.
Sept.
Sept.
Sept.
Supt.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.

Point of general view west side of mountains.
llighest_ reading taken on point of rocks Dorth
of trml.
Steam sa.w-mill ........ -. __ ....... - .... -.---.- Sept.
Camp Fort Stambaugh.-_ ........ --.- .. -- .. - .. Sept.
Sept.
On the plateau between Atlantic~ 1st point . Sept.
City and Sweetwater River.
.5 2<1 point. Sept.
On the Atlantic and Pacific divide._ ......... . Sept.
Pacific Springs, one mile east of Stage Station. Sept.
Sept.
(Camp.)
Mountain sonth of Pacific Springs. (Camp)_ .. Sept.
l'acitic Springs. (Camp)._ .................. . Sept.
On the Atlantic n,nd Pacific divide, 2tl reading. SPpt.
l'aci£1c Springs. (Camp) ..................... . i:icpt.
Dry Saud_y Crock Fortl at Sta17e Station ...... . Sept.
Oa the plateau west Dry Sanny Creek ....... . Sept.
Little Sandy Creek at Stage Statiou. (Camp). Sept.
Sept.
Sept.
Big Sandy Creek Ford at Stage Station ...... . Sept.
Bridge west of Dig Sandy Ford .............. . Sept.
l3ig Sandy Creek on tho bottom. (Camp) .... . Srpt.
Sept.
Sept.
Groen River on tho bottom, half a mile below Sept.
Sept.
the ford. (Camp.)
Sept.

0

2

2
2
2

3
3
3
3
3
4
4

4
4
4
5
5
5
5
5
5
5
5
G
G

2.00 p.m.
4. 00 p.m.
7. 00 p. Ill.

8.:30p.m.
6. 30 a.m.
11.00 a.m.
12.30 p.m.
1. 30 p.m.
7. 00 p. 111.
ft 30 a.m.
10. 00 a.m.
12.00 m.
2. 00
ll.Otl
G. 00
12. UO
12.45
2. 00
3. 00

p.m.
p.m.
a.m.
m.
p.m.
p.m.
p.m.

~:~Op.m.

;) ..)0 p.m.

10.00 p.m.
G. 30 a.m.
7. 00 a.m.

9. 30 a.m.
m.
G 12.00
3. 00 p.m.
6
9.00p.m.
6
7. 00 a.m.
7
9. 30 a.m.
7
7 10. 43 a.m.
3.
00 p.m.
7
9. 00 p.m.
7
G.l3
~1-m.
8
1. 45 p.m.
8
4.
00
p.m.
8

G

8

7. 00 p.m.

<l)

.;,;ciJ
'"'"'~

t)·..-1

§
Cil

~

,....;

ci

~

~ -~

....
<l)

,<:l

H

....
<l)

....
<l)

,<:l

,<:l

H

•

....,::I

..;<

C:o

S:.::>

-~ ~

~

H

~

"tjP-

;gE

S<ll

1'-<Q

a;> >'l

.pd

~-P

~

..a
.s

'~

;a"' ..a

I'<

•

::1.-o

.s~
OO<l)

~>

co

-:5

~

.....0

::I

-~
1)

Clouds and general remarks.
~

0

~

i=i

0

I'<

H

~

0
22.25
22.5
22.66
22. G2
22.67
21.75
21.7
20. E8
20.9
2J. 88
20.7
20.6
21.42
2~. 5
22.47
22.42

22.7
22.23
22.75
23.28
2;2. G8
23.28
2:~. 98
23.28
2:3.52
23.75
23.7
23.7
23. 9()
24.12
24

24.14
24.~

24.36
24.5-1
24.54
24.55

70
82
73
51
36
74
74
74

g~

50
76

---.- .. - .....
51
36
.. . ..
- .. -.. ---

-- -. - .. - .. .. .
49
34
.....
- .. -- ----

- - - . - 8, 158
- .. - - 7, 857
. .. . . 7, 66G
50
7, 684
38 .... - - . . .. . 8, 7G8
---.. 8, 829
. - .. - 9, 858

w.

::::: ::::: ::::: ..10,089
~'-~~~.I:::::::::: I::::::::::
10,215

w.
w.
w.
w.
w.
w.
w.

~~ ."gf --~{ --~~- .-~:. ~~~-~::::: ::: :J :::::::::I:::::::~
G8
72
72
68
G-8
G8
50
46
4G
70
65

. . . . . .. . .. .. . . . 7, 953
............... 7,GI9
. - - - - - - - -- - - - 8, 182
68
68
68
7, 144
67
GG
68 ...... .
.. ....... _ . .. .
7, 642
50
48
50 - - - - - - - ---.- -- --- .. -7, 391
4G
45
46 .... .. .
----- -- .. - - ... - 6, 641
.. - - - ... - - - - - - - 6, 395

W.

18

345

7.~3

w.
w.

w.

~~ I 52
~~ 51~~ ~6 --~'-::~~. I. -- ~~~ ~~- J-~~~--~~~ J :: :: : ::

52
70
72
80
48
34
90
80
64

79
48
34
89
78
62

79
48
32
87
76
62

52 ' - - - - - - . -~- - - - - - .. - -~- - .. -- -- - -~-- - - .. - 5, 976 - -- - - - - - - - - - •. - -- - - - - -- - - - - 6, Ill .•.... _... _... _...... _..... .
so I 5, 818
24. 84
393. 933
W.
50
3·1
88
5, 507
977
403. 703 '--- .. - - 78 ,. --··-- -·------- ---·--. ··----- ·------ -()3

Cir.
Cir.
Cir.
Cir.
Clear.
Clear.
Clear.
Cir.-cu.
Nimbus. Rain.
Nimbus and cu.-str.
Cir.-str.
Cir-.cu.

~
Q

.....

>~

w

c::

Strong wind.

Cir.-cu.
Clear.
Clear.
Cir.-cu.
Clr.-cu.
Cir.-cn.
Cir.-cu.
Cir.-cu.
Cir.-str.
Clear.
Cir. ·
Cir.
Cir.
Cir.
Cir.-cu.
Cir.
Clear.
Cir. very little.
Clear.
Clear.
Clear.
Clear.
Cir. very little on the horizon.
Cir. very little on the horizon.
Cir.-str.

~
~

t".'J

~

0
"-"J

t-3

~

t::j

t-3
t::l

~

·~
H
t-3
0
~

H

~

rn

Green River Camp .....•.•.................... Sept..
Sept.
Sept.
Sept.
Sepl.
Sept.
SPpt.
Sept.
J3lack's :Fork, on tho bottom, two miles north- Sept.
west Church Buttes. (Cam1>-l
S<·pt.
Sept.
Sept.
Sept.
Buttes, southwest ChTuch Buttes, base ....... . Sept.
Buttes, southw(•st Cl!urch Buttes, top ........ . Sept.
lligl1 l'lateau Butte, top ................... : .. Sept.
Black's Forie. (Camp) ....................... . Rtpt.
Sept.
Sept.
Millrr's Sbge Station._ .. _............... __ .. . 8ept.
Black's :Fork, Fort Bridger. (Camp) .... _... _ Sept.
Sept..
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
1:-icpt.
Sept-.
Sept.
Sept.
Sept.
Sept.
.Judge Carter's steam saw-mill
Sept.
Sept.
Sept.
Pleasant Point ............... .............•... Sept.
South ~nu Sage Bush Flat ............... -... - Sept.
Porcnpme Pomt ___ .. _................... -· .. . Sept.
Charlie's Fork, ford ................... - ...... - ~ept.
Camp Jackson ...........•................... - Sept.
Sept.
Sept.
Ridge running parallel to east fork :Black's Sept.
Forlr.
Limestone Ridge, Photograph Ridge ....... _ Sept.
Camp .Jackson ............................... . Sept.
Scvt.
Black's Fork of Green River on the bottom, at
Granger Station. (Camp.)

g~~~~~~~~\~~. ~~~~: ::::::: ::~~~ ::::::::::::::

18
18

9. 00 p.m. 24.56
G.OOp.m. 24.5
3.:30p.m. 2·1. 32
9.00 p.m. 24.23
G. 00 a.m. 24.24
G.43 a.m. 24.24
12. ou 111. 2•l.18
l:.l. 30 p.m. 24.08
3. 4.'i p.m. 21. 18
G. •l5 p. ill. 24.25
[). 00 p.m. 2·l. ~4
u. 00 a.m. 2·1. 23
8. 00 a.m. ~4. 2j
8.4:> H.m. 2·1.22
fl. 00 a.m. 24.1
10. l.i a.m. 23. [)8
1. 00 p.m. 2·1. 25
G.4.ip.m. 24.14
G.OO a.m. ~-!. 2
9. 00 a.m. 24.18
3. 00 p.m. 23.88
G.OO p.m. 23.88
G.OO a.m. 23.85
9.00 a.m. 2:3. 8•1
7. 00 p.m. 23.88
7. 00 a.m. 2:3.88
10.00 a.m. 2:.1. 9l
:tOO p.m. 23.91
9. 00 p.m. 23.94
6.00 a.m. 23.91
9. 00 a.m. 23.94
a.oop.m. 2:.J. 94
6. 00 1). m. 23.98
9.00 p.m. 23.98
G. 00 a.m. 23.!)
9. 00 a.m. 23.98
5.00p.m. 22. 3G
9. 00 p.m. 22.26
G.Ov a.m. 22.32
9.00 a.m. 22.32
10.15 a.m. 22.08
10. 30 a.m. 21.88
11.00 a.m. 21.78
11.45 a.m. 21.62
1.15 p.m. 21.42
G.OOp.m. 21. 48
6.00 a.m. 21.55
10.00 a.m. 20.98

74
74
{)6
(j(j
:.16
36
53
83
85
75
75
44
44
{)2
62
53
5:3
40
40
45
45
53
53
4<1
44
33
33
49
49
57
57
55
55
44
44
2!)
2B
4!)
49
42 ...... .
52 ----32 -- --4L ......
48 .......
46 .........
44 ........
44
48 ----38 ---33 . ......
32 ........

18
18
19

12.00 m.
!)_ 00 p. JU.
6. oo a. ill.

44 ....... ----- . ...... !J, 8{)9 .................
31 ----- ··--· ---·- ...........
3-1 :· .. --

8
!)
!l

!J
10
10
10
10
lO
10
10
11
11
1l

11
11
11
11
12
12
12
12
13
1:J
13
14
14
14
H
15
15
15
15
15
16
16
Hi
1G
17
17
17
17
17
17
17
17

20.85
21.48
21. 5G

54
34
77

56
34
78
G•l
36
44

64
:.16
44
72 ----72
83
85
71
71
54
54
37
37
51
51
{)8

70
74

52

53 .................................... Cir.
:.11 ---·-··· ---------· ---------- -------- Cir.-str.
75
5, 815
1!J. 997
42:.1. '70 -------- :Kim l.ms.
Gl
:Ximbns.
35 ---- ---- ---------- ---------- -------- Cir. aroun<l tho horizon.
46
around the horizo11.
---------- -------- Cir.
Cu.-str. ar•Jnwl the horizon.
----G, 021 _... _. _.. _
w.
Cn.-str. around the lwrizou.
85
86 - - - ... -- 123. 57
436. 257 N.W. Cu.-fltr·.
69
70
:N.W. Cu.-str.
5, 863 -··--·. ··54
51 -------· ---------N.W. Cn.-str. a, very little.
34
33 --- --------------Clear.
49
50 -------· ·--------·
Hazy.
lla?-y.
5, 863 - - - •• -- •• Hazy.
5, !HJ8 __ ..... __ Ila?-y.
li, 134 -·--.-- ...
73
71 -- ---------------Cn.-str. bazv.
65
Cu.-str.
•
6G --- ---- ·--------·
36
3U ---·--- ·--------· ---------- -------- Cir.-str.
Smoky to northwest.
5, 908
83
84
454.237 N.W. Cu.-str.
G, 215
18
n 73
N.W. Cir.-str. on the horizon.
43
44 -------· ---------· -------·-- ·------- Cit·.-str.
60
G•! -------· ---------- ·--------- -------- Clf·ar.
52
5:.1 -------- ---------· ---------Cir. strong wind.
w.
3!J
40 -------- ·--------· ---------w. Cn.-str.
tl5
46 -------· ---------- ---------w. Cil·.-cn. Snowing on tho Uinta. Mts.
4!) ......... ---------- ···------5:3
w . Cir.-cu.
43
4! .. ............ ·--------- -- -------- . ............ Clem~.
3:.1
33 -------· ................. ---------- .. . ........ . Cu.-str. aml11imbus.
47
49 ............ ·--------- ---------· ------- - Cu.-str. and nimbus.
54
56 -------· .................. ................... . ............ Cu.-str. au<l nimbus.
53
54 -------- ---------· ---·----- - ·-- ....... Cu.-str. and nimbus.
47
44 ............. ---------- ---------- ............ Cn.-str. aud nimbus.
2[) ............ --·------ .................
26
Cir. aroun(l tho l.Jorizon.
E.
47
48 -------·
-------- Cu.-str. and nimbus.
....... ....... 8, 079 --------- . .............. ........... Cu.-str. aud nimbus. Clearing up.
....... ---- ------·--· ---------- -------- Nimbus.
............ ·--------- ................. ·------- Cn.-str. and str.
-- -- - ......
.......
---·· ···------ ---------- ------- Nimbus.
Nimbus.
8, :~64
......
8,
cos
-------------- ---· ------ ..... ...... Nimbus.
. ...... ........ 8, 7:.11
Nimbus.
8, !li29 ---------· ·--------- ............. Nimbus. llail and rain.
---·- ----- 9, 099 ---------- .................. -------- Nimbus.
....... . ...... . ........... ............... ---------Cir.-cu. Nimbus clearing a·way.
S. W.
.......
.
...............
...............
:Kim
bus. Slight snow-storm.
9,
605
s.
w.
---··
34
76
{)3
33
44

--5; 9os- ::::::::::

-

---------- ~: ~~: I ~~~~us.
---------- S. W. I Cit·.-str.

0

M
0

~

0

0H
Q

ll>

~

rn

C1
~

--<1

tr1

~

0
"J
H

~

t;:j

H
t?:l

P:l
P:l
H

~

0

~

H

M

rn
~
~

C),?

Meteorological notes taken during ~ke rnonths of July, August, September, and October-Continued.

t+:o-

~

~

6

Fahrenheit.

c;

Q)

I

Point of observation.

.....0
o5

A

•

'§.~0

....i

d

0

0

s

~

iZ'i

H

8

Q)

,..q

~

P:l

,..q

P=l

E-1

E-1

6

~

0

0

,_;

~-

Carter's Lake .................................
J.,imit of arborescent vegetation ...............
I!'irst peak west of Cathedral Rock ............
P~ ~og.~p# ~~~tion, east fork of east fork of

Sept.
Sept.
Sept.
Sept.

Northwest corner of basin north of Cathedral
Rock.
Extreme limit arborescent vegetation . . . . . . . . .
Photograph Station, east fork Black's Fork ..
Hock Spring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Camp .Jackson ................. _.............

Sept. 19

1

0

Pleasant Point................................
Archie's Fork, ford....... .. .. .. . . .. .. .. .. . .. .
Photograph Station, Quaking Asp Grove......
Willow Creek Crossing .......................
Smith's .Fork, south ford......................
Black's Fork, :Fort Bridger. (Camp) . . . . . . . .

Ranch on east of swamp, northw't Black's Fork
Swamp Valley ................................
Quaking Asp Hill divide......................
Table JJnttc ...................................
Branch ot Mnddy Creek, ford.................
Second Branch of Muddy Creek, ford . . . . . . . . .
Divide cast Dry Muddy ·creek... . . . . . . . . . . . . .
Hearl-waters Muddy Creek, Camp Elliott . . . .

Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sevt.
Sept.
Sept.
Sept.
Sept.
Sept.

I

19 10.00 a.m.
19 10.15 a.m.
19 12. co m.
19 1. 00 p.m.
1.30 p.m.

19 2. 30 p.m.
19
4.1!'\p.m.
19
4. 30 p.m.
19 9. 00 p.m.
20
6.00 a.m.
20
D. 00 a.m.
20 9.15 a.m.
20 10.00 a.m.
20 11.00 a.m.
20
l.OOp.m.
3. COp. m.
20
9.00 p.m.
20
m 6. 00 a.m.
9. 00 a.m.
21
3. 00 p.m.
21
6. 00 p.m.
21
22 6. 00 a.m.
22 3. 00 p.m.
G. 00 a.m.
23
24 G. 00 a.m.
l.OOp.m.
;H
24 2. COp. m.
24 2.30 p.m.
24 2. 45 p.m.
24 :-l.OOp.m.
24 3.15p.m.
4. 00 p.m.
24
4.15 p.m.
24
24 5. 30 p.m.
25 6. 00 a.m.

;.s~

~g

~~

Q)
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~
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rn
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20.52
20.4
19.35
20.13
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~
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H
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Q)
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..,q
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Q)c;:

-~ c:!
'l;;jH
Q)+'
SQ)

,..o

ci!

-!3Q)
0

~.g

;8~

+>ci

.s

H

E-1

CJ~
~+'

----

0

~

-d
~

·s

.....0
~

0

64 ----- .......

20.Hi
~0. 2
20.3
21.42
21.42
22.05
22.1
21. !)5
22.55
23.32
23.72
23.88
23.76
23.88
23.88
23.88
24
2:3.88
23.88
23.88
23.023
23
22.5
22.4
22.82
~2. D2
22.78
22.88
22.18
22.22

68 ....... ----- ....... 10, 769 . ...............
60 ----- ----- ----· 10, 737 .................
5D ----- ----- ....... 10, 606 ---------34 ----- ----- ----- -------· ---------38 ----- ---·- ----- ---····· ·--------56 ----· ---·- ·---- ------- · --------56 ----- ----- ---·- 8, 340 ---------·
64 ----- ----- ----- 8, 503 ---------64 ----- ----- ----- 7, 795 ---------68 ----- ---·- ----- G, 890 ---------64 ----- ----- ·--·- G, 411 -------- -40
40
40
40 ·------- ------- --32
32
31 ......... ---------32
56
56
54
56 -------· ---------62
62
60
GO -------- ---- --- --49
48
41
48 - - - - - - - ---------39
39
38
37 ......... ---------46
46
45
46 -------- ---------·
27
27
26
31 ---- --- - --------34
34
32
34 -------· -- -------51 ----- ----- ----- 7, 23~
57 ----- ----- ----- 7, 576 ------------------57 ----- ---- ·---- 7, 857 ---------57 ----- ......
7, 977 . ................
G2 ---- --------- 7, 476 ---------60 ---- ----- ····- 1, 356 ---------59
7, 336
58 ...... ----- ... .. 7, 443 ---------52 ·---· ---- - .......
.R~j·e-ct~~1
26
Rejected

-----

10,370 ................. ...................

~

Q

0

tr:l
0

Q)

-~

A

44 ----- ....... ........ 10,321 .. ................ ---------- S. W.
44 ---·- ........ ----- 10, 47(1 .................. ................. s.w.
:=!8 ----- ----- ----- 11, 869 ---------- .... .... .... ........ s.w.
65 ----- ----- --··- 10, 829 .................. ....... .......... . s. w.

20.48

Clouds and general remarks.

:g

s.w.

................. S. W.

t"i

0

Q

Cir.
Cir.-cu.
Cir. and cir.-cu. in S. W.
Cir.-cu. and cu.-str.

a
>t"i

Cir.-cu. and cu.-str.

U1

Cir.-cu. and cu.-str.
---------- s. w. Cir.-cu. and cu.-str.
-----·---· s.w. Cu.-str.
---------- s.w. Nimbus.
---------- s. w. Nimbus.
---------- s. w. Nimbus.
s. w. Nimbus.
----- ---- · S. W. N~mous clear~ng away.
---------- s. w. N1mbus elearmg away.
---------- s. w. Nimbus clearing away.
---------· N.W. Cir.-cu.
---·------ -·-··--- Cir.
---------- ·-- ---- Cir.
·--------· N. E. Cir. in E. horizon.
---------- N. E. Cu. and cu.-str.
E. Nimbus inS. vV. over tho Uinta Mts.
·--------· N.
N.E. Nimbus. II ail.
--------- - N.
E. Nimbus.
·--------·--------- -------· Cir. and Cu.-str.
---------- -------· Cil'.-str. iu the N.
---------- w. Cir.-cu.
---------- W. Cir.-cu.
---------- w. Cu-str..
---------· w. Cu.-str.
---------- w. Cu.-::;tr.
---·------ w. Cu.-str.
................
W.
Cu.-str.
. ..............
w. Cu.-str.
w. Cu.-str.
w. Cu.-st,r . Ma.!:!:nificent t1i~~pb.y of Aurora Borealis night of 24th.

......

0

~
~

m
-<

0

"".j

J-3

~

tr:l
J-3

t:':l
~
~
H

1-3

0

~"
.....
tr:l

U1

Divic~e between SnlRlnu: and ::\:h~d!lY Creeks ..
llcaclmg, at a secmH pomt on d1v1<le between
Sulphur and Muddy Creeks.
Sulphur Creek at foot of ridge, divide.........
S~ca!Ds :.yw-mil~ ................................
L~m~tot quak~ngasps ..........._.............
Lmnt of quakmg asps, second pomt . . . . . . . . . .
ll~ghest point Spcn_ce JUdge ........ ·.·........
Dumer camp at sprmg cast SRence HH1ge... . .
Divide between west fork B ack's :Fork and
o:u;t fork Bean River.
Center of prairie, divide ......................
C.: enter of second prairie, near springs .........
Camp Beamon .................................

Photograph Station on ridge west fork Black's
Fork.
Calcareous sandstone bluffs, west fork Black's
Fork.
Ricl~o north of source of east fork of Bear
R1Yer.
llase of calcareous sandstone, source east fork
Boar Rh·cr.
Camp on Divide of west fork Black's Fork,
and cast fork Bear River.
First duartzito needle on divide south of camp.
Seconc and third quartzite needles on divide
!'outh cf camp.
Fourth quartzite n eedle on divide douth of 0amrQuartzite plateau .. ..........................-.
Depression in divide south of plateau . ........
Fifth quartzite needle south of camp ... .......
Sixt.h quartzite needle south of camp ..........
Camp on divide west fork Black's l!'ork and
cast fork Bear Rh'er.
Pine line cast fork Bear River ................
Quaking-asp line .......................... . _..
Sa_gc-lmsh line ................................
Junction of west fork and cast fork of Bear
lUvcr.
Dinner camp below the junction ..............
Sontheast corner Bear River basin ............
Sn!})hur Creek at point of entrance of basin ..
Camp on Sulphur Creek, sixty rods south Limo
ltid_go.
Blnff,Yest of Picnmont .......................
J•'ir;.;t bluff east of Piedmont ...................
Divide between Bear River and Black's Fork ..
]'irdmont railroad station .....................
Old ford southwest Briuger Bnt to_ .......... . .
BaRe nf Bridger Bnttr, southwest point .......
}; \Jrth and south ends of Bridger Butte ........

Sept. 25
Sept. 25
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.

25
25
25
25
25
25
25

Sept.
Sept.
Sept.
Sept.
Sept.

25
25
26
~6

26

1

9. 00 a.m.
D. 15 a.m.
10. 00 a.m.
11.00 a.m.
11.30 a.m.
12. 00 m.
12. 15 p. m.
2. 30 p.m.
3. 00 p.m.

52 ----- ...... ---·52 ----- ----- .....
52 ..... ----- ----55 ·---- ·---- ----55 ...... -- -·- ---·50 ----- ----- ----58 ----- ----- -----

7, 833 ---------8, GOB ............
fl, 302 ---------9, 4~d ---------9, S:i7 ---------9, OlG ---------D, 51G ----------

21. 3;!
21.22
20.88
21.55
21.15

44

----- -----

101 . -- .. ---.- ...•••....

---·- 10, 26D

40
10,221
2ti
50 ----- ----- ---·- -------53 ..... ··-·· ----- 10, 334

20.45

52

--··· ---- - ----- 10, 411

11.30 a.m.

20. 02

48

Sept. 26

12.30 p.m.

20.05

48

Sept. 26

2. 00 p.m.

20.05

44

Sept. 26
Sept. 26

4. 00 p.m. 19.7
4. 30 p. Ill. lD. 62

44
44

----- ......
---·- ---·- ---·----- ----· ----. ..... . ....... -----

lD. 52
lD. 48

42
42
40
40
40
2G
44
50
52
60
68

'27 2. 00 p.m.
27 3. 30 p.m.
27 4.00p.m.
27 5.10 p.m.
28 G. 00 a.m.
2S D 15 a.m.
28 !l. 30 a.m.
28 D. 45 a. m.
2fl fl. 20 a.m.
Rr:]lt. 28 11.00 a.m.
Sc•pt. 28 11. :!0 a.m.
Sept. 28 11.55 a. rn.

Cir.-cu.

22.52

;n.ss

~.

Sept. 26 10.30 a. ro.

Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sept.
Sc•pt.

N.W.

s, oau ---------- ····------

G.13p.m. 20. 5()
G. 45 p.m. 20.53
6. 00 a.m. 20.5
!l.30 a.m. 20.53
D. 45 a.lll. 20.51

26 4. 40 p.m.
26 4. 50 p.m.
26 5. 00 p.m.
26 5.15 p. Ill.
26 5. 30 p.m.
27 6. 00 a.m.
27 7. 45 a.m.
27
9.15 a.m.
27 10.30 a.m.
27 11. CO a.m.
27 11.45 a.m.

j Cn.-str.
Ch•ar.

52 ........... - ...
5:3 ·-··- ---·- -----

Sept. 26

Sept.
SepL.
Sept.
Sept.
Sept.
Sept.
SPpt.
Sept.
Sept.
Sept.
Sept.

w.
w.
---------- w.
·--------- \V.
·--------- IV.
w.
---------- 1\r.
---------· w.
·--------- w.
------------------- w.
w.
w.
---------- s.w.w.
---------·

22.22
~2. 3

19. G2
1!). 56
l!l. 55
19.9
20.0
21.25
21.45
21.75
22.14
22.32

7~

22.52
22. ~2

71

2::!. 8G
22. !15
23.04
2Z. 8

2'!. GS
23. 3!
2::2. !t8

2:3.

Q(j

2:!. iS

..

.....

------------------·--------- ................
---------- ----------

!j(j

----- ....... .

7li ......

.......

---------

····-

..... ----- -----

Cn.-str. a very little.
Cn.-s1r.
Cn.-Rtl·.
Cu.-str.
Clear.

~

M

0

~

0

Q
H

0

>
t'1
m

Cir.-cu.
Cir.-cu.

~
<j

10, !)03 ................. .................. N.W.

Cir.-oo.

M

Cn.-str. and nimbus.
Cu.-str. and nimbus.

0

11, 3!)8
11,505

------···· ---------- -------·

:::::::::1:~:::~:
--------------------·--· --------

. .................

11, 6D4

GO ......
!1:! -----

Yery little.
very little.
Yery little.
Yery little.

10,347 ............... .................. N.W.

11,505
11,586
11, 599
11,066

........ ·--·- ·····

a
a
a
a

N.W.

10, !)74

11,640

5:!
50
3:3
4il ·--·- ---·· .......
51 ---·- ----- ......

(;(j

--------·-

Clear.
Clear.
Clear.
Cn.-Rtr.
Cu.-s1 r.
Cu.-str.
Gu.-str.

9, 390
D, 103
8, 768
8, 2Dl
8, 073
7, 833
7, 47G
7, 37G

.................

--···-----

:~ ~ ~ ~ ~ ~ ::J~:-~-:.
.......... N.W.

:~~~~~:::: ' ~:i~:
·--------- ~N.w.

.......... N.Y!.

.......... x.w.

.......... N.W.
.......... N.W.

----······ ............
7, 217 .............. ---------· ...........
7, 300 ............ ·--------- .............
..................
7, 0!2
(l, tt{)7
. .................
..................
7, :l'l1
..................
'l, IDl
,.,, ~d4
.......... , ........

Cu.-sir. and nimbus.
Cu.-str. and nimbus.
Cu.-str. ant1nim1ms.
Cu.-str. ant1uimbns.
Cu.-str. am1uitubus.
Cir.-Rtr.
Cu.-str.
Cir.-str.
Cir.-str.
Cir.-str. •
Cir.-str.
Cir.-str.
Cir.-Rtr.
Cir.-cu. in southeast horizon .
Cir.-cu. in Rout l10ast horizon.
Cir.-;;tr. south horizon.
Cir.-cu.
Cir.-cu.
Cir.-cu.
Ch·.-cn.
Cir.-cn.
Cir.-cu.
Cir.-cu.

q

~

t-,_j
~

t:!1

M
~

H

;:o
~

H
....,

0

~
H

t::J

rn

~

<:.::1

Col.

Meteorological notes taken during the months of July, August, Scptembm·, and October-Continued.
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'-0
0')

.-d

;;,

ol
't:l

Point of observation.

.....0
;...

a5

~

I

~

Black's Fork, Fort Bridger.

(Camp) ......... . Sept.
Sopt.
Sept.
Sept.
Sept.
Sept.
Sept.
Oct.
Smith's Fork, ford ........ .
Oct.
Cottonwood Creek, ford ........... l ......... .. Oct.
Foot of divide between Smith's and Henry's Oct.
]'orks.
Top of first Mauvaises Terres Bluff.......... . Oct.
Sa.ge Creek, ford ............................. . Oct.
Cottonwood Creek, ford ...................... . Oct.
Base of bill divide ............................ . Oct.
Divide between Henry's and Smith's Forks .. . Oet.
Henry's Fork. (Ca,mp) ...................... . Oct.
Oct.
Oct.
Point of departure from Henry's Fork ....... . Oct.
On the foot hills, Uinta Mountains ......... . Oot.
Sn,ndstone Ridge, north point reading ........ . Oct.
Sandstone Ridge, south point reading ........ . Oct.
Valley south Sandstone Ridge ............... . Oct.
Camp northeast Gilbert's Peak, near Lime- Oct.
stone Ridge, in a beautiful park.
Oct.
Extreme limit of arborescent Yegetation ..... . Oct.
Point of access with horses under Gilbert's P'k. Oct.
Gilbert's Peak ............................... . Oct.
Oct.
Oct.
Point of access with horses, 2d reading ....... . Oct.
Base of Gilbert's Peak, north side . ........... . Oct.
First lake, source cast fork Henry's Fork .... . Oct.
Henry's Fork. (Camp, 2d observation) ...... . Oet.
Oct.
Oct.

p

0

~

.;:; bll

,....;

Cl

~

0

0

s
0
...

tzi

0

~-~
.;;$

~

3. 00 p.m.
6.30 a.m.
2.30 p.m.
G.OOp.m.
6.15 a.m.
9. 00 a.m.
3.00 p.m.
6.30 a.m.
9. 45 a. m.
Ll. 00 a. m.
12.00 m.

23.42
23.42
23.42
23.42
23.42
23.42
23.38
23.42
23.42
23.56
23.54

1 12.10 p.m.
J 12.45 p.m.
1 2.00 p.m.
1 3. 45 p.m.
1 4. 00 p.m.
1 6.30p. m.
2 6. 30 a.m.
2 9. 00 a.m.
2 10.30 a.m.
2 12.30 p. ill.
2 2.15p. m.
2 2. 45 p.m.
2 3.15 p.m.
2 6. 00 p.m.
3 6. 00 a.m.
3 9. 00 a.m.
3 10.00 a.m.
3 10.30 a.m.
3 10.45 a.m.
3 11. 00 a.m.
3 11.30 a.m.
3 12.00 m.
3 12.30 p.m.
3 G. 00 p.m.
4 6. 30 a.m.
4 8. 30 a.m.

23.4
23.38
23.18
22.78
22.68
22.84
22.9
22.94
22.25
21.42
20.79
20.78
21.2
20.9
20.9
19. !.12
19.06
18.40
18.40
18.40
19.02
19.65
20.00
22.74
22.65
22.72

28
29
29
29

30
30
30
1
1
1
1

6

Fahrenheit.
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E-1 .
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..<1

E-1

;f3.-d
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~p.

tzi
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~_p

o;;o.

§8

~c:
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:,3
'-'

3

0
M

"'
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0
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Clouds and general remarks.

~
0

;8~

~.;;$

<lj

"¢

.p~

"'~

A
A

a,
..<1

E-1

"'§.-cl

~

.§:3

l

_p

<:;)~

~~

.. .

tzi

~

U2

"Z

0

A

E-1

t"1

0
60

33
76
62
30
58
76
42

00 ...

33
76
G2
30
58
76
42

oo . . .

33
74

r.o

28
56
75
40

oo . . .

00 . . . . . . ---~--·--- . . . . . . . . ..

s.w.
s.w.
s. w.
s. w.
s.w.
s. w.

34 .. .. .. .. . .. -- -- -76 ........
60 00 .. .. .. • • .. .. . . .. 00...,. . . . . . .
30 00 -- -- .. .. -- -- -- .. .. • -- -- - ..
55 . -- . -- .. 00 • -- .. -- . • -- -- -- ...
75 00 . . . . . . 00--.---- 0 00 . . . . -- ..
41 00 ..
0

0

-- -- --

-

..

oo . . . . . . . . . . . . . . . . . .

00

. . . . . . . --

--

0

--

•

----

-

s. w.
s. w.
s. w.

..

:::::1::::: :::::~ g~ ~:H~ ::~::::::: :::::::::: s.w.
58
58
65

60
591
591 56
57
59
59
28
28
25
62
62
60

5D

57
27
61
65
68
68
68
68

.................... s. w.
·············-······ s. w.
------- ... ------ .... s. w.
.. .. .. . .. . .. .. .. . .. . s. vv.
+: g~~ ··········· ······· ·· s. w.
28. 92
483. 177 00 . . . . . .
7, 390

6, 798
6, i:l21
7, 053

I· · • · · • •. , • • • · · · · · · · ' · · • • • • • . • • , . . • • • • . .

8,158
9,177 ......
9, 973 .......... . .....
9, 986
9, 45:i
4D
9, 833
29 ............................
48 11, LGG ...... 00 .. • .. .. .. • ..
52 12, 205 00 . . . . . . . . 00 .. 00. .. .
40 13, 182 .......... 00........
40 ............................
0

•••••

0

••

0--

0

•

--.0

••••••

•••••••••••••

-

•••

0

0

•••••

0--0

••••

0

•••

••••

••

°

•••••

0

0

--

••

0

--

•••

•••

0

--

••

••

-

0

•••

-0

•••

0

••••••••

0

••••••••

•••

0

0

•••••••

•••

0

0

•••••••

S. E.
S. E.

R. E.

S. E.
S. E.
E.
12, 311 00........ . .. .. .. .. • S. E.
12, 560 . _. .. . .. .. . .. .. .. . .. S. E.
11, 000 ... -- ..... 00 . . . . . . . .

as ............................ s.

561 56
34
32
66
64

46
5tl
58
56
34
64

7, 015

0

••

0

0

••••••••

-

•

-

•••• ' ••• -

••••

Cir.-cu.
Cir.-str.
Cir.-str.
Cir.-str.
Clear.
Clear.
Clear.
Cir.-str. on the horizon.
Cir.-cu.
Cir.-cu. in southwest.
Cir.-str. and cir.-cu.
Cir.. str. and cir.-cu.
Cir.-str. and cir.-cu.
Cir.-cu.
Cir.-cu.
Cir.-cu.
Hazy.
Hazy.
Hazy.
Hazy.
liazy.
IIazy.
Hazy.
Hazy.
Hazy.
Cir. 'in northeast.
Cu.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Cu.-str.
Cu.-str.
Cu.-str.
Cu.-str.

Q
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a

p..t"1

m
q
~

-<t?j
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0
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~

~
~

~

t:j
~
~
~

~

0

~
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Mauvaises Terros, ridge, norLheast. (Camp)..
llenry's Fork....... . . . . . . . .. .. . . . . . . . . .. . . . . .
C~ossing Henry's Fork below junction oa&tfork
F1rst terrace ........................ ..........
Second terrace ................................
~ Second terrace, lower down the fork ........ _.
Second terrace, still lower down thefork ......
'P llenry's Fork on tho bottom. (Camp Turnbull)

Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oet.
Oct.

8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

i~E~~fitf: : : : _: : : : : : : : : : :: : : ~t

8
8
8
8

Green

l~iver

below junction Henry's Fork .. _.

First terrace above Henry's Fork .............
Se~ond terrace above Henr:f.'s Fork ...........
Third terrace above Henry s Fork ........ _...
Fourth terrace above Henry's Fork ......... _.
Sandstone Rid~ ..............................
Near junction enry's Fork Green River .....
Highest point of ridge west of Green River ...
Henry's Fork, one milo from junction, on the
bottom. (Camp Stevenson.)

On the Indian trail ford of Green River .......
First ridge on trail east of Green River .......
Valley ................ ............... ... ......
Second ridge east of Green River .......... _..
Valley ........................................
Valley, second hollow .........................
Valley, third hollow ..........................
Third ridge cast of Groen River ..............
Valley ............ ···--·r······--·········---·
Fourth ridge cast of Green River ........... _.
Valley ............... . ..................... --.
Valley on the Green River ....................
First bluff above Green River ....... _.. _... _.
Second bluff above Green Il,iver ............ _.
On blufl:' above second valley on Green River ..
On Green River ...............................
On ravine rise .... ..... ................... ....
In ravine .................................... _
On divide .... ........................ .........
Red Creek ford ...............................
Ridge above Creek ................. . ·.........
llonry's Fork road and Indian Trail Junetion, Green River.

4

4
4
4
4
4
4
4
4
5
5
5
6
6
6

6
6

6
6
6

6
7
7
7
8
8
8
8

10.00 a. ru.
10.15 a.m.
11.30 a.m.
11.45 a.m.
12.30 p.m.
1. 00 p.m.
1.:30 p.m.
3. 00 p.m.
6.00 p.m.
6. 00 a.m.
9.00 a.m.
6.30p.m.
6.30 a.m.
9. 00 a.m.
9.10 a.m.
9.15 a.m.
9. 20 a.m.
9. 25 a.m.
11.30 a.m.
12.30 p.m.
6. OOp.m.
6.30 a.m.
3.00 p.m.
6. 00 p.m.
6. 30 a.m.
8. 30 a.m.
9. 30 a.m.
10.30 a.m.
10.40 a.m.
10.50 a.m.
11.00 a.m.
11.15 a.m.
11.20 a.m.
11.30 a.m.
11.45 a.m.
12.15 p.m.
12.30 p.m.
1.00 p.m.
1.05p.m.
1.15 p.m.
1.30 p.m.
2. OOp.m.
2.05p. m.
2.15 p.m.
2.45p. m.
2.f,5p. m.
3. 30 p.m.

21.\10
21.90
23.29
~3.

22

23.02
22.98
23.12
23.43
23.59
23.59
23.70
24.52
24.52
24.42
24.37
24.32
24.26
24.18
24.48
23.25
24.18
24.18
24.18
24.18
24.30
24.40
23.52
23.92
23.68
23.84
23.88
23.98
23.84
24.20
23.86
24.18
24.45
24.54
24.51
24.58
24.70
24.52
24.55
24.08
24.54
24.54
24.66

3. 40 p.m. 24.07
3.50 p.m. 24.65
3.55 p.m. 24.58
4. O~l p.m. 24.42

.......
:::::J:::::
...... .......

-----

-----

-----

---------

.......

63
63
46
19

62
62
45
19

52
28

50
26

....... .......
.......

.........

---·--------..... ---·........

----· -----

........ ......... .......
........ ......... ----........ ........ ----·
---·· .......... ........
......... .......... .. .......
.........
......... 63
62

.......

.......

........
.......
.......

34
63
56
29

33
62
56
28

........ ......

....... ........ ........
........ ........ .......
....... --··· .......
....... ........ .......
....... ........ .......
........ ........ ......
........ ....... .. ........
........ ........
----....... ........ ........
........
.......
----....... ........ ----·
........ ----- ........
.......

.......

.. ......

......... ........ ........
........ ...........
----........ ......... .......
........ ---- - .....
......... ......... ........

....... ........ ........
......... ....... -----

......... ----- ........
........ ----·---......... ........ ----........ ..... . . ........
...... ....... ......

56
8, 583 . .. .. .. . .. . .. . . .. • .. . .. .. . . .
56
8,583 .................. ................. .............
68
li, 925 ................. .................. ... .........
(i8
7, 007
60
7, 241
60
7, 391
62
7,123
777·
62
23.6
45
6,593 ................. ................... N.W.
16
N.W.
48 ............. ......... .. ....... ---------- N.W.
51
5, 528 "' 21.88
528.657 N.W.
27
N.W.
53
5, 639 .................. ......... ......... N.W.
53
5, 695 ........ .......... .. .................. N.W.
53
N.W.
5, 751
53
5, 818
53
5, 908
53
5, 573
60
6, 972
63
35
5, 874
529.675 N.W.
1. 00
N.W.
62
58 . .......... ................ . .................. N.W.
29 -------- .................. .................... N.W.
50
5, 662 .................... .................. .. .............
52
(l 659
52
6, 201
52
6, 475
52
6, 293
52
6, 247
52
tl, 134
52
6, 293
55
5, 886
52
6, 270
52
5, 908
52
5, 606
52
5, 506
52
5, 539 . ................ ................ ..............
60
5, 462
GO
5, 329
60
5, 528 . ................. . ................. ...............
5. 495 .. ................ . ................. ..............
60
6, 021 . ................. ................... N.W.
60
62
5, 506 --------·· ---------· ............
5, 751
62
5, 373 . ......... ...... ................ -------62

··so6:

·-N::..:v:

·ii:w:

65
65
65
44

5,329
5, 384
5, 462
5, 639

Cu.-str. in the north.
Cu.-str.
Cu.-str.
Cu.-strCu.-str.
Cu.-str.
Cu.-str.
Cir.-str. and Cir.-C'U.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-cn.
Cir.-cu.
Cir.-cu.
Cir.-cu.
Cir.-cu.
Cir.-cu.
Cir.-str. and nimhus.
Cir.-str.
Cir.-str.
Cir.-str.
Cir. and cir.-cu.
Cir.-cv..
Cir.-cu.
Cir.-cu.
Cir.-cu.
Cir.-cn.
Cir.-cu.
Cir.-cu.
Cir.-cu.
Cir.-cu.
Cir.-cu.
Cir.-cu.
Cir.-cu.
Cir.-cu.
Cir.-cu.
Cir.-cn.
Cir.-cn.
Cir.-str. a little.
Cir.-str.
Cir.-str.
Cir.-str.

................. ................... ............... Cir.-str.

. .. .. . . . . . . .. . . . .. .. . .. . . . . Cir.-str.
. . . . . . . . . . . . . .. . .. . . . . . . .. . . Cir.-str.
.................... S. W. Cir.-str.
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Meteorological1'CJJOrls taken during the months of July, August, September, and 0<-'iober-Continued.

~
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.-b
ce

Fahrenheit.

...

<D

>.
ce

Point of observation.

't:l

.....0

.sce

E3

0

~

A

Green River, on tho bottom, Brown's Hole.
(Camp.)
Green River Canon, southeast end Brown's Hole
Top of first White Mauvaises Bluff ......•...
Top of second White Mauvaises Bluff ........
Vallev .......................................·.
Indian Trail and Henry's Fork Road .Junetion, Green River.
Red Creek, erossinth Henry's Fork road .......
Dinner Camp, mou t Red Creek Canon .......
Camp on Henry's Fork road, two miles west
of Red Creek.
Quart,z Mountain, south camp.................
Quartz Mountain, capped with sandstone . . . . .
Camp on Henry's Fork, "West of Red Creek....
Henry's Fork road, white ridge...............
Green River, crossing Indian trail............

8::~ ~~~~:~~~~

oi

.,;

~

..<:l

P=l

24.84
24.82
24. Y8
24.62
24.52
24.58
24.62

Oct.
Oct.
Oct.

9 12.00 m.
9 3.00 p.m.
9 8. 00 p.m.

24.38
24.19
23.54

Oct.
Oct.
Oct.
Oct.
Oct.
Oct.

10 6.15 a.m.
10 9. 00 a.m.
10 9. 30 a.m.
10 10.30 a.m.
10 11.30 a.m.
10 3.15 p.m.
6.00 p.m.
li. 30 a.m.
11 4.00 p.m.
11 11.00 p.m.
12 6. 30 a.m.
12 8. 30 a.m.
9 9.00 a. ru.
9.30 a.m.
1~
12 11.00 a.m.
12 11.30 a.m.
12 12.00 m.
12 12.05 p. m;
12 l.3{)1J.m.
12 2. 30 p.m.
12 2. 43 p.m.
12 3. 00 p.m.
12 11.45 p.m.
13 7. 00 a.m.
13 9. 30 a.m.
13 9. 40 a.m.

23.54
22.62
22.32
23.54
23.18
24.12
24.08
24.22
24.25
24.22
24.22
24.12
23.98
24.14
23.96
23.62
24. OS
24.17
23.99
23.99
23.72
24.09
24.44
24.44
23.82
23.92

i~
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s
0
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;s..cJ
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.s~
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..<:l

E-i
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<D

z z0 ~
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8 7. 45 p.m.
9 6.00 a.m.
9 9.00 a.m.
9 9.45a.m.
9 10.15 a.m.
9 10.50 a.m.
9 11.00 a.m.

(Camp)......... Oct,
Oct.
Oct.
First ridge above second ford ................. Oct.
Second ridge above second ford ............... Oct.
Third rid~e above second ford ................ Oct.
Fourth ri ge above second ford ....... : ....... Oct.
Fifth ridge above second ford .... ..... ........ Oct.
Black's Fork ford ............................. Oct.
Green River ford, near junction Black's Fork. Oct.
Bluff above third ford ........................ Oct.
Oct.
Oct.
Valley . .. .. . . . . .. .. . . . .. .. .. . . .. .. .. .. . . .. .. .. Oct.
Green River, on the bottom, East Green Oct.
River City. (Camp.)
Oct.
Hill north of Castle Rock, Green River City.. Oct.
Top of Castle IWck ............................ Oct.

Xi~~-~::::~:~~::::::::::~::::::~:::~~:::::::::

~-~

Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.

::::: ~:: ~ ~:::::: :::::: ~ ~ ~:: ~ ~ ~ g~~:

Green !liver, on the bottom.
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----- ......... -------·- ---·- ----....... ··-·- .........
----- --·-- ........
----- ----- ·---........ ----- ----....... - ····- ·---........ ----·---... ..... ....... --------........
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E-i

cece

... ~
<Dee

......
~
W<l)

3
0

····.........
.........
...... .
........
........
........
.......
-····
. .......
.........

54
23
62
33
23
........

52

22
fi2
~2

21

--------- --- -··-·- ·····---- ----........ ---........ ----.......
....... .........

.....
---·. ...... ---- .......
--··- ---·- ....... .
---·-

321":~~:
::~~::

38
5,186 .. .................. .....................
20 ............. ---------- .. ..................
44
6,134 .................. .. ................
50
5, 418 ................... .. .................
50
5, 528 .................. . .................
50
5, 462 .. ................. ...................
58
5, 417 .................... ..................
58
6G
45
31
50
50
66
66
66
55
18
62
32
23
44
44
44
44
44
48
48
48
48
48
48
33
24

53
53

l':l

-~

.....0

- - -- - - - - - - - - - - - - - - ....... ....... .......
....... ---·- ----........ ----- ........
........ ----- ........
----- ----- .........
----- ·-··- .........

..cJ

§.-d

;s-!3
"""'--

00

l':l

0

.

Clouds and general remarks.

0
<D

0

A

0

t;j

-~

s.w.
s. w .
s.w.
s.w.
s.w.
s.w.
s.w.
s. w.
s. w.

5, 684 .................... .....................
5, 897 . .................. ...................
6, 636 . ................. ---------· N.W.

~

Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.

Cir.-eu.
Cu.-str. and nimbus; rain.
Cir. Lightning at 7 o'clock, p. m.,
with heavy en. str.
............... ................... ... ................ N.W. Cu-str.
7, 714 ·'
N.W. Cir.-str.
--------·8, 073
N.W. Hazy.
............. ................... .. ................. N.W. Hazy.
·
7, 053 --------- .............. N.W. Cu. m the north.
5, 976 ..................... ................. N.W. Cir.-cu.
6, 021 .. .................. ................... N.W. Cir.-eu.
5, 863 ·······--- -----·-··· s.w. Cir.-str. in west.
5, 852
19.945
549.602 N.W. Hazy.
.. ................ ................... .................. N.W. Clear.
.................. .................... N.W. Clear.
-------5, 976 .................... ..................... --·····- Cir.-str.
6,134 ................... .................... N.W. Cir.-eu.
5, 953 .................. ................... N.W. Cir.-str.
6,156 ................. .................... N.W. Cir.-str.
6, 544 ..................... ................... N.W. Cir.-str.
6, 021 .................. ................. N.W. Cir.-str.
5, 921 ................. ................... N.W. Cir.-str.
6, 201 ..... ............ .................... N.W. Cir.-eu.
6,124 ................... . .............. N "W. Cir.-cu.
6, 430
N:w. Cir.-cu.
6, 009 ................... .................. N.W. Cir.-eu.
5, 617
45
594.602 -·------ Clear.
-- ---- -- .................... ..................... N.W. Cir.-str.
6, 316 ................. .. ................... N.W. Cir.-str.
6, 201 .................... .......... ........ . N.W. Cir.-str.

0

Q
~

a

>
t"l
00

d

~
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t;j
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t:;l

P:l
P:l
~
~

0

P:l
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Base of turret, north side Castle Rock ........
White beds ...................................
Green River Railroad ford ....................
Green IUver City. (Camp.) ............ - ......
Highest point plateau, southwest Green River
City.
Green River camp, opposite Green Ri-ver City.

Oct.
Oct.
Oct.
Oct.
Oct.

Oct.
Oct.
Rock Springs Stage station. (Camp) .......... Oct.
Oct.
Oct.
Salt Wells, Union Pacific Railroad station .... Oct.
Bitter Creek, Point of Rocks, Union Pacific Oct.
Railroad station.
Bitter Creek, on the bottom ................... Oct.
One mile above the Point of Rocks station ... Oct.
Oct.
Big Pond Stage station ....................... Oct.
Oct.
Barrel Springs . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Oct.
Oct.
Oct.
Bluff on the road ..................... - - ---. -- Oct.
Bluff Oll the road ............................. Oct.
Valley, Duck Pond station .................... Oct.
Bluff................................. ---·---· Oct.
Blufr'.......................................... Oct.
0
Oct.
::::
::
Oct.
Oct.
::::::::::::::::: Oct.
Branch of Muddy ford; Muddy, on the bot- Oct.
tom, near Washakie Stage station.
Oct.
Oct.
Oct.
Rise on the road opposite coal outcrop . . . . . . . . Oct.
Rid~e above coal outcrop .. .. . .. .. . . .. .. .. .. . . Oct.
:First hig'h ridge west of Muddy ford. . . . . . . . . . Oct.
Muddy Creek fonl ............. ____ ...... __ .. Oct.
Sulphur Springs, stage station. (Camp) . . . . . Oct.
Oct.
Oct.
Oct.
Road ridTe a quarter of a mile from camp ... . . Oct.
Tenth rh ge below top of hill northeast camp .. Oct.
Ninth ri<l!fe below top of hill northeast camp .. Oct.
Eighth ri go below top of hill northeast camp. Oct.
Seventh ........................... _. _. _.. __ . _. Oct.
Sixth------·-···-----·--·--······-··---··----- Oct.
Fifth··----·-----·-----··-------------------·· Oct.
Fourth ........................................ Oct.
'l'ltinl ............................•............ Oct.

::t~~tsjj~ of\,~il~;~: ~ ~::::: :~~ :~::::: ~::
~~~re;~~~~~-~~ -~~~:. ~~~~~~:

13
13
13

9.45 a.m.
9. 55 a.m.
10.00 a.m.
13 2.00 p.m.
13 3. 00 p.m.

23. 91:l
24.02
~4. 42
24.39
23.1:'2

13 6.00p.m.
14 6.30 a.m.
14 1. 30 p.m.
14 S.OOp. m.
15 6.00 a.m.
15 11.30 a.m.
15 2. 00 p.m.

24.28
24.16
23. ()9
23.80
23.90
23.82
23. ti9

3. 30 p.m.
8. 00 p.m.
6. 00 a.m.
4.00 p.m.
3. 30 a.m.
3. 30 p.m.
7. 00 p.m.
6.15 a.m.
11.00 a.m.
11.45 a.m.
11.50 a.m.
12.15 p.m.
1. 00 p.m.
1.15 p.m.
1. 40 p.m.
1. 45 p.m.
2.1tl p.m.
:-!.OOp.m.
4.00p. m.
6.15 a.m.
9. 00 a.m.
9.15 a.m.
9. 20 a.m.
10.45 a.m.
11. 00 a.m.
1. 00 p.m.
4.15 p.m.
6.00 p.m.
6. 30 a.m.
9. 00 a.m.
9. 20 a.m.
9. 25 a.m.
9.30 a.m.
9. 35 a.m.
9. 40 a.m.
9.45a. m.
9.50 a.m.
10.00 a. nt.

23.72
23.79
23.76
23.56
23.68
23.78
23.80
23.62
23.91
23.78
23.85
23.74
23.48
23.66
23.71
23.66
23.78
23.70
23.72
23.80
23.92
23.88
23.84
23.53
23.68
23.61
23.56
23.52
23.42
23.52
23.05
23.02
22.94
22.87
22.81
22.79
22.74
22.73

15
15
16
16
17
17
17
18
18
18
18
18
18
18
18
18
18
18
18
19
19
19
19
19
19
19
19
19
20
20
20
20
20
20
20
20
20
20

····- -----

-----

.......

60
60

----59
58

53
53
59
60
60

67
48
26

47
34
66
50
28
36
36

----- .......
--------47
46
---·..... . . 34 33
.......

----·

68
48
28

---·- ......
--------- ----- --------- 38 39 40
........ 25 24 25
----- 22 20 n
........
.......

....... .

----........

.........

39
8
52
32
14

37
8
50
33
13

......... ----- ........
......... ....... . .......
......... ....... ........
....... ....... ........
........ ........ .. ......
....... .. ....... .......
....... ........ ------------- ........ .
......... ......... . ....
. ......

----........ .

56
22

54
20

....... ........ .. .....
....... ....... .......
..... .. ........ ---·....... ........ ----·
.......

-----

.......
.........

-----

54
55
47
20

53
54
44
18

...... ........ .. .......
........ ....... .. ......
...... ......... . ......
....... ----- .. ......
....... ---- - .. .......
. ....... ----- ......
.. ....... .......
---·......... ....... .. ...... .
......... .......... -·-··

~: ~~~ :~~~::::J:::: :::~~: ~: ;:

5, 639

. ...............

6, 315 ................

................ N.W.
N.W.
................... N.W.

5, 863 ................. ................... N.W.
N.W.
6, 341
611.848 N.W.
17.246
N.W.
-------- ................. .................. N.W.
6, 316 ---------- .................. N.W.
6, 464 ................... ................... ·N.W.

6,430
26.913
638.761
6, 367 .................. .. ..................
.............. ---------- .. ...............
39
6,542
22.165
660.926
!}

51
29
14
60
60
55
55
55
55
55
55
55
48
55

........

6,414 ................... - ...... ..... - .
28.118
689.044
.................... . ....... .
6,213
6,361
6,281
6,407 .................... . ................
6,705
6,498
6,441 ................... ..................
6,498
6,361
6, 453
20.207
709.251
6,323 . ................ .................
~

,

20
44 .. ............ .................. ...................
44
6,247 .. ............... .................
44
6,293
411 6,646
44
6,475
53
719.316
10.065
55
6,651 .................. ...................
46
20 -------- ................ ...................
45
6,659 ................... ...................
46
7,205
46
7,241
4(i
7,335
46
7,417
46
7,488
46
7,512
46
7,511
7,583
46

N.W.
N.W.
N.W.
N.W.
E.
. .............
. .............

N.W.
N.W.
N.W.
N.W.
N.W.
N.W.
N.W.
N.W.
N.W.
N.W.
N.W.
N.W.
..............
...............

S.
S.
S.
S.
S.

E.
E.
E.
E.
E.

s.w.
s.w.
s.w.
s.w.
s.w.
s.w.
s.w.
s.w.
s.w.
s.w.

Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-cu.
Cu.-str.
Cir.
Uir.-str. Wind very violent.
Cir. and cu.-str. Wind very violent.
Cu.-str.
Cu.-str.
Cu.-str.
Cu. and cir.-cu.
Clear.
Cir.-str.
Cu.-str.
Clear.
Clear.
Clear.
Clear.
Cir.-cu. arountl the horizon.
Cir.-cu. around the horizon.
Cir.-cu. around the horizon.
Cir.-cu. around the horizon.
Cir.. cu. around the horizon.
Cir.-cu. around the horizon.
Cir.-cu. around the horizon.
Cir.-cu. around the horizon.
Cir.-cu. around the horizon.
Cir.-str. around the horizon.
Cir.-str. around the horizon.
Clear.
Clear.
Clear.
Clear.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Cir.-str.
Clear.
Cu.-str.
Cu.-str.
Cu.-str.
Cn.-str.
Cu.-str.
Cu.-str.
Cu.-str.
Cu.-str.
Cu.-str.
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Metem·ological1·eports taken during the months af July, August, September, and October-CQntinued.
...::,

..

Point of

~

observatio.~,

'1;l

.....0
c:.i
~
~

1

Second .......................... .
First ......................................... .
Top of hill northeast .ClJ.mp, Sulphur Springs ..
Old ford of :Muddy ........................... .
:First ridge in road beyond tho ford
First rid~e in. valley north of creek .......... .
Second ndge m the pass .................... ..
Third ridge in the pass ....................... .
Valley ..................... .
lTourth ridge Bridger's Pass .... .
Bridger's Pass Stage Station ................. .
First ridge beyond Bridrer's Pass Station .... .
Second ridgo beyond Br1dger's Pass Station .. .
Third ridge beyond Bridger's Pass Station ... .
Fifth ridge beyond Bridger's Pass Statjon ... .
Sixth ridge beyond Bridger' A Pass Station ... .
Atlantic and :Pacific divide .................. .
l3luff below .Atlantic and Pacific divide ...... .
West bluff above Reel Birch Valley
Red Birch Valley ............................. .
East bluff above Red Birch Valley ...... ... .. .
Quaking Asp Springs. (Camp) .............. .

Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct..
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.
Oct.

On the peak southeast Quaking As.P Springs ..
On the peak east Quaking Asp Sprmgs ...... .
Plateau .................................... --·
Creek ford ................................... .
Sage Creek ford ............................. .
Highest ridge between Sage Creek and North
Platte River.
North Platte River ford. (Camp Carrington) . Oct.
Oct.
Oct.
Oct.
Oct.
Bluff east of North Platte River, on the road. Oct.
Plateau west of Pass Creek .................. . Oct.

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
21
21
21
21
21
21
21
21

!
10.5 a.m.
10.10 a.m.
10.15 a.m.
11.00 a.m.
11.10 a.m.
12.00 m.
12.15 p.m.
12.25 p.m.
12.30 p.m.
12.35 p.m.
12.40 p.m.
12.45 p.m.
12.50 p.m.
12.55 p.m.
1. 00 p.m.
1.10 p.m.
1.20p.m.
1. 40 p.m.
2.20p. m.
2.25 p.m.
2.45p. m.
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